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The main purpose of the experimontal programme was to develop 
an apparatus which would be suitable for measuring the rates of 
physical absorption and desorption of gases in liquids under strictly 
comparable conditions. The method would measure the rates to a 
high degree of precision as any difference between the rates is 
likely to be smell. Consideration of possible methods suggested 
that the best method would not depend on the difference of two 
analyses or the difference of two gas flow rates to give the rates 
of absorption and. desorption. Such methods are subject to 
considerable errors due to snall errors in measurements • Also if 
analysis is used the accuracy of different systems investigated 
will not necessarily be the seme • The method finally chosen worked 
on a constant pressure, varying volume principle: i.e, as the gas 
absorbed in or desorbed from the liquid, mercury was added to or 
withdrawn from a vessel in the gas side to keep the pressure 
constant. The apparatus therefore had to be leak free and as 
temperature, volume and pressure are all interrelated the temperature 
of the apparatus had to be kept stable. As no analysis was used 
any gas-liquid system could be investigated provided the gases and 
liquids did not attack the materials of construction of the 
apparatus. It was intended, to study absorption and desorption in a 
variety of contacting devices so the connections to and from the 
absorber were built to allow it to be removed and replaced. 
There was only sufficient time to study absorption and desorption 
of a carbon dioxide-water system. The contacting devices used, were 
a wetted table tennis ball and a small packed ooltmui. With the wetted 
table tennis ball it was found that when pure water was used there 
ae a definite difference between absorption and desorption. 
10 - i)ior t L:n i o: - t.LirL flT 	t:c 
experimental error was of the orer of 2 this res4t is iifiont. 
No theoretical szplimaticst could be fomd to explain this phooi. 
Novoyer1 when wetting agents (nia.ly OJ Thepol and O.l i4iex9nol) 
were added., no difference was foatd between the rates of absorption 
and deaorption, ahon pure water was used both absorption aM 
desorption were higher than predicted. by Gnflen and Davidson's 
theory (U) This was thought to be &w to interaction beWeen the 
gas otrem aM liquid as in tbis experinentel proe the gas 
strem was continkKJualy circulated, whereas the  gas phase was 
ete4flaflt when Cullen and Davidson took their nenaursatentso when the 
cU packed column was used the scatter of points was so great that 
no døfinite conclusions could be eede. 
C&!'rKR ii. 
INTRODUCTION AND LLL-MATURE SURVEY, 
Statement of Problem, 
Although much work has been done on physical absorption and 
desorption of gases into liquids very little hs been done to compare 
their relative rates in experiments conducted wider similar 
oonditiona. Only four relative references could be found showing 
that almost all experimentora considered that physical absorption 
and desorption rates were equal provided the driving forces were 
equal and the flow conditions were alike • Also if the sass transfer 
is purely physical simple diffusion theory predicts that under the 
aemue flow conditions and driving force the relative rates of 
absorption and desorption should be equal. 
The factors which effeot interphase mass transfer may be 
divided into two groups. 
Hydrodynamic factors:— mass floa rate, degree of turbulence, 
,eomaetry of equipment, dansitj and viscosity. 
Concentration factors: - driving force, diffusion coefficient 
and concentration itself. 
If any difference existed between physical absorption and 
desorption it would be unlikely that the hydrodynamic factors would 
cause the variations as each factor would be alike during absorption 
and desorption. It may be, however, that the solute gas can cause 
changes in viscosity and density but any such changes would be 
slight and their effect minimal • Concentration effects might cause 
a difference as it has been sug,ested that the diffusion coefficient 
is dependent on the de,ree of saturation of the solvent (42). 
Theories about Lnterphsse ILaa5 Transport, 
In 1355 Pick (21) suggested the analogy between mass diffusivity 
and thenaal conductivity but it was not until 1916 that the first 
models of mass transfer in packed columns and other related equipment 
were postulated. Lewis (36) considering absorption only expressed 
the rate of mass transfer as a function of a driving force which 
was the difference between the solute partial pressure in the gas 
and the equilibrium pressure exerted by the gas dissolved in the 
liquid.. Donnsin and Mason (18) and Ardel (2) expressed the driving 
force as the difference between the solute concentration in the gas, 
expressed as a liquid concentration by solubility relationship and 
the concentration within the liquid. The use of these two concepts 
gave the same results in the specific case of absorption and 
desorption at constant temperature in a system which obeyed Henry's 
Law. 
In order to find a theoretical basis for these concepts the 
existence of laminar or stagnant films at the interface were 
suested. Whitman and bats (67) published results on 
humudifioation and dehumidification experiments which compared heat 
transfer and absorption processes, the idea being advanced that 
mass transfer was controlled or resisted by the existence of two 
laminar or stagnant films, the gas film above the gas/liquid 
interphase sad, the liquid film below, the interface being at 
equilibrium. The relative importance of the two films varied with 
experimental conditions, film resistance being affected by 
variations in the gas and liquid velocities. Continuing this line 
of argument wbitnan (66) presented his two film theory. According 
to this theory the interphaso between gas and liquid phases was 
bounded by a gas film and a liquid. film. The author suggested that 
or-oh film had a definite thickness, but it was recognised that no 
•....L. the turbulent fluid masses 
gas film was controlled by a 
rtial pressure fradiont and through the liquid film by r 
ki 
concentration gradient. This yields the equation:- 
D 
XL 	 - - ( Pc - Pi) XG 
1:1 
Colburn (9) modified this theory s1iht1y to tckc into account the 
two convectional resistances to mass transfer, (one in the bulk of 
the liquid and the other in the gas) by using an equivalent film 
thiobeaa. 
For several years the film theory was accepted as the most 
reasonable explanation of the resistance to interphaae mass transfer 
until it was disputed. by Iiyamoto (40) who was specifically 
concerned, with gas to liquid transfer. The dissolution of the gas 
was regarded as two stages: the penetration of the solvent by gas 
molecules and the escape of gas molecules from the surface of the 
liquid.. The argument is based on the assumptions that the molecules 
of gas must have a definite velocity before they can penetrate the 
liquid surface and that the molecules obeyed Maxwell's Law of 
distribution of velocities. This yields the equation:- 
	
• x's (C.0 - C0 ) 
	
1:2 
where K - 1 
1000 ____ 
	_ 1:3 
Miynxaoto also questions the previous assumption of the existence of 
stationary film,- up to 3 x 10mu3, in thickness at an interphaae as 
had been predicted by the two film theory, and also the assumption 
of complete instantanious equilibrium at the interface • The author 
stated in the light of his kinetic explanation of the rates of mass 
;rasfer between phases 4hitmanOs assumption could not be accepted 
.;:tiiout proof. 
ILL;bie (29) then proposed his systematic surface renewal theory. 
In tliI:; theory he drew attention to the fact that Lewis and Whitman 
.LLsregarded the development with time of concentration profiles 
v;ltIin 	f?ui fir, b:j 	uion. ILL bi rcoic tht in m'm:j 
IN 
interphase mass transport processes the periods of exposure of 
elements of fluid at an interface were email, Because of this an 
understanding of the development of the concentration profile with. 
the film was important when predicting mass transfer coefficients. 
For prsotioal purposes the liquid layer near the interface was 
treated raathematioally as a static liquid exposed for a limited 
time dL Applying Fiok'a Lai of diffusion:- 
a  
which yields:- 
Co + .Et._ 	0 4.D8 • dy 	 1: e 
Ap1.yin this oquttion to r's trans::or .vus:- 
- 2,Q_(C_c0) 	 1:6 
1npy 	and Painilov (35) advenoed a generalized theory of 
absorption based on that of transport by convective diffusion and 
not by moleoular diffusion, The supposition was made that during a 
period of regeneration of a surface element of fluid, or within the 
duration period of regeneration of a surface element of fluid., mass 
transport 000ured by convective diffusion. The theory was based 




which yields the general theory of absorption:- 
a 	
• r{ 
SS(Co,Cj)cft, + 	 1:8 
On this basis an equation was deduced for a system with no turbulence 
and no reaction 000uring:- 
.1 dw pV/3 
S 
 
7c. 	V+/'H 1:9 
Vi 
existence of stagnant tilrn at a two-phase interface and supposed 
that the elements of the surface were continually replaced by fresh 
e1e::ont of fluiL'; introuoini3 	concept of rand.an surfr.ce ages. 
If the r.to of surfaoo roneai is ,  the avc-o uur)ton r'te is 
then: - 
00 
sjcd(e) 	 1:10 
i1tieh for a pure physical absorption /101d3:- 
G -4(Gj-G0 ) 	 1:11 
Using a kinetic model Bakowski (i') approached the problem of 
Base transport in the gaseous phase, to or from an interface, It 
was believed that a similar method could also be developed to predict 
rates of mass transport in a liquid phase which would enable the 
theory to be applied where a transport process was controlled by 
conditions both in liquid and gaseous phases. Several aastnptions 
were made in the presentation of the model in the particular case 
of transfer taking place from the fluid bulk within a duct to the 
surface • These were as follows : - 
Gas molecules were uniformly distributed in space in a 
similar manner to a crystal lattice. 
Only those molecules nearest the surface had a chance to be 
absorbed. 
o) The time required for absorption was negligibly short due 
to the high velocity of the molecules. 
The rate of transport depended on the concentration of the 
molecules per unit surface area of interface and on the 
rate at which time these molecules could be replaced by the 
mi]d)1g of the main body of the gas phase. 
The rate of gas mixing was proportional to the gas stream 
velocity. 
By a logical deve1oinent from these assumptions it is possible to 
derive a theoretical expression for the mass transfer coefficient 




The constants were eva1uatc uin i1ilrnd end Sheraooi' z (23) 
results to give:- 





Using this equation to predict mass transfer coefficients, in 
several oases of evaporation, distillation and absorption in 
falling films, gave good agreement with exoerinentol results. 
Hanratty (26) making reference to the physical evidence 
produced by Page and Townend. (20) and Lin at al. (38) set out to 
show that actual solute concentrations and velocity profiles near 
an interface corresponded well with those which could be predicted 
from the Dankierts and Higbia models. Solution of the d. iffusion 
equation:- 
IC - DA 	 124  
with the boundary conditions:- 
y - O 	GCj 
c - co 
t=o 	c_co 
These conditions were a statement of the assumption that whilst an 
element of fluid was in contact with the interface, mass transport 
occurred by diffusion as if into an element of infinite depth. The 
concept of a variable element age was introduced in the toxin of the 
Me probability function:— 
(t) 	A 	(/t) 	 1:14 
where it was found that the probability function used did not have 
7 
a large effect on the concentration profile. The agreement between 
predicted and mesaureI concentration profiles was good.. 
Toor and Iarchello (61) set out to show that the penetration 
and film theories were not separate concepts, but were two limiting 
Oases of a more general model, and rather than being mutually 
exclusive were complementary. It was postulated that at an 
interface bounding a turbulent fluid, three types of fluid elements 
could be present. These were called 'young', 'middle aged' and 
'old' respectively. Within these elements three types of transport 
meobaniems could occur. In the 'old' elements, film type transport, 
in the 'young' elements, penetration type transport and in the 
'middle aged.' elements, a combination of film and penetration types 
of transport, Evidence in support of this oonoept was shown in 
the analytical solutions (using the Higbie and Dankwerts surface 
ago distributions) of the equation:- 
1:4. 
applying the boundary conditions:- 
tRo 	 CO0a 
yu 0 	CXCi 
c=Go 
The third boundary condition distinguished the present model from 
the Higbie and Dankworta models, From the solutions it was 
concluded that at low 3o1id.t xuznbera (i.e. high diffuzivities) the 
steady state was quickly reached, in any new aui-taoe so that unless 
the rate of renewal was high enough to remove a large fraction of 
surface elements before they were penetrated, most of the surface 
was 'old' and transport was of the film type. As the value of the 
Solinidt group was increased, the time required to set up the steady 
state also increased and penetration type transport took place. 
Mej 
When a surface oontoined quantities of 'old', 'young' and 'middle 
aged' elements, transport characteristics were intermediate between 
the film and penetration types. 
Perlmutter (45) produced analytical solutions to the problem of 
solute transfer by diffusion and surface renewal for three different 
models which were as follows:- 
Various age distributions were introduced to the basic 
penetration model. These distributions were obtained by direct 
comparison with the residence time distributions of fluid elements 
in combinations of continuous plug flow and well mixed flow through 
VosSelt3. It had been realized that Dsnkwert's age distribution 
function corresponded to that of the well mixed model and Higbie s 
distribution to plug flow. The concept of the existence of dead 
pockets of fluid in the boundary zone was also introduced. These 
affected the residence time distribution. 
The concept of an interfacial time of solute equilibration 
was introduced. 
a) The idea of a region of reduced effective diffusivity near 
the interface due to short range interactions with the second phase 
was introduced by postulating the existence of a narrow interface 
layer of small effective diffusivity. It was concluded that the 
intermediate oases between the Denkwert and Higbie models offered 
little advantage • In the intermediate oases the rate of mass 
transport was only slightly different from one or the other. The 
dead time oonoept, however, did predict important differences in the 
mass transfer rates. The interface, non-equilibrium condition 
predicted a maximum in the transport rate with respect to the degree 
of agitation. 
Harriott (27) presented another model for mass transport which 
considered that turbulent eddies, from an area of uniform 
JL 
concentration, reached, a series of random distance from the surface 
at random intervals of tine. By oomplioated analysis it is possible 
to deduce the following: -  
For low values of ii 
l.]3H 
D 	 1:15 
which was in agreement with the penetration theory. 
For high values of H 
kfl 
1:16 
which was in agreement with the film theory. 
a) For intermediate values of H 
ii 	111 
	
kD" l.13"D 	 1.17 
Several other solutions were also presented. 
Ruckenstein-(48) proposed that a penetration model should allow 
for eddy ronewal to be more active in the region most immediate to 
the turbulent fluid. bulk. Toor and Xarohello (62) then presented a 
new model of mass transport to and from an interface, and made the 
assumption that the low level of turbulence near the boundary 
caused localised mixing rather than gross displacement of the fluid 
elements. The modal was described in the following way. A mixing 
layer was oentrod about a point distant and from the interface. 
The layer extended a distance - about the oentre r so that the total 
width equalled. 2, the fluid within this element being mixed, at 
random intervals of tine, The mean frequency of miring  was U and 
depended only on the hydrodynamics of the enviromeat of the 
element. The tine-average fluid velocity in the direction 
perpendicular to the interface was zero. Transport occurred by 
lateral mixing of the layer and diffusion in the periods between 
the miinga • An analytical solution was given for the mass flux 
1 which was:- 
J 2 . 
in which CC represe 
across the element. 
]-imitirk oases with 
ooBh(471)+j 
+ 	
118 oinh (4s/D. )  
ited the time-averaged concentration difference 
The above equation Was fomd to compare in the 
Dankwert'e penetration model, and the film model. 
Discussion of the Application of the Foromentioned Theories as 
pp1ied to Absorption and Deaorption. 
The mricz transport problem was approached from the awe point of 
view by all the authors apart from Kiyamoto (ito) and Bakowsid (4), 
Miynmoto regarded the resistance to mass transport to occur at 
the interface when only inoleoules approaching the interface with 
velocities greater than some critical value could pass through the 
interface. It is undoubtedly true that resistance to mass transport 
between phases sometimes occurs at the interface. Nueselt (41) 
questioned the validity of the assumption of interfacial equilibrium 
and Aokerearan (1) reported that a study of the psyo1oiaeter had 
definitely established the existence of appreciable departures from 
equilibrium at the interface during mass transfer processes,, 
flo',over, very little experimental work has been reported on interface 
mass transport. Most investigations of mass transfer have really 
bean studies of interphase mass transport, the interpretations of 
which were, dependent uoon the fnmill.ar assumptions of negligible 
departure from equilibrium at the interface, 3ohrae (9) oairinente4 
in nrrticulr'..r on the viork of' Gilliland nnd Shenvood (23) with a 
wetted-iafl oolwn in wlüoh nint- )uru liquids eva -'orted into a 
turbulent airatreem. He concluded that in these experiments 
substantially pure equilibrium existed, at the interface • Referring 
to reduced pressure rectification experiments of Berg and Popovac 
(5), Sohrege claimed that the interfacial resistance could be 
appreciable and in certain circumstances It could account for all 
the driving force, but this was not conclusively demonstrated.. 
Therefore Miyamoto's approach can only applied to very few if any 
oases of interphase mass transport. 
Using a unique approach Bko.aaici produced an empirical equation 
to predict mass transfer coefficients which compared well with values 
obtained experimentally. It seems, however, that BakowsId used a 
NhjMeflfl diffusion tens and a "bidden" mass transfer term in his 
equation. That is to say that these terms were themselves defined 
by k,a,v,M and p (Equation 1:12). Hence, although the approach was 
unique the underlying concepts were not. 
AU the other theories may be expressed in either the single 
equations below or a combination of them. 
1:]. 
XL 
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= V41; (CjC0 ) 	 lu 
Examining these equations it can be seen that the rate of mass 
transport between phases depends only on the driving force, the 
diffusion coefficient and some term defining the hydrodynamics of 
the system. Thus all things being equal theoretically there should 
be no difference between physical absorption and desorption unless 
the diffusion coefficient is a function of the degree of saturation 
of the liquid.. 
Review of Results Obtained Comparing Absorption and Desorption. 
When Carlson (6) measured the diffusion of carbon dioxide and 
oxygen into water be found that the relative rates of absorption and 
desorption of both solute gases were equal. The gases diffused into 
water in a stirred vessel. Allen (55), as reported by Sherwood and 
Holloway, confirmed the oaxton dioxide results using a small packed 
tower. Later ]eert and Piford (19) usind a lonr, wetted wail 
column to conduct similar experiments with carbon dioxide and oxygen 
as solute gases and water as the solvent, found that the rate of 
absorption of oxygen was lower than the rate of desorption whereas 
for carbon dioxide the opposite was true. However, when a wetting 
agent was added, it was found that the relative rates of absorption 
and desorption were equal for both gases but lower than the results 
found using a pure aolent. 
Gibbs and Himmelbimu (22) investigating the effect of 
concentration ongas-liquid mass transfer coefficients using a 
carbon dioxide-water system, compared the rates of absorption and 
desorption. The apparatus was basically two circulating systems; 
one for gas and one for liquid .'iith a known area of liquid exposed 
to the gas. The liquid was brought to equilibrium with a carbon 
dioxide-nitrogen mixture and a small volume of tracer solute gas 
introduced.. The gas and liquid phase were then monitored until 
equilibrium was again reached, the process being reversed for a 
desorption run thus both results were at virtually the same liquid 
concentration. The authors found that desorption was 5% higher 
than absorption but as the experimental error was of the order of 
4$ no apecial significance could be attached to this. The authors 
also found that for both absorption and desorption the mass transfer 
coefficient decreased slightly with increase of saturation of the 
liquid which would seem to support the results found by Onda but 
Sherwood and Holloway (55) measuring the desorption only of carbon 
dioxide from water in a packed column found no concentration 
effect on the height of a transfer unit when the liquid 
concentration varied from 1.8 to 80% of the saturation value. 
Examining the correlations developed for overall gas film 
controlled absorption in a packed column we find, that Chilton and 
Colburn (8) derived, the equation:- 
H.T.U. 	 - 10.9d' (SO) 0.67(18)0.2 
	 1:20 
which does not include a oonoentrition term, but Kga was a function 
of the Schmidt- number and hence dependent on the diffusivity of the 
gas. Johnstone and Pigford (33) were able to apply the sae equation 
to a wetted wall column replacing the constant 10.9 by 7.63 and the 
exponent of Reynolds rumber by 0.23 but Storrow (59) found a definite 
S shaped relationship between the H.T.U. and composition when he 
applied the above equation to his resu1t • Jackson and Ceaglelce (32) 
also found the H.T.U. to be effected by composition in a wetted wall 
distillation oolunn. Schulman at ci (49,50)  attempted to correct 
for concentration in the following equation.-   
(L)'7 = 0.837 (50 )0 .67 ()0.36 kMPT 	Peft 
1:21 
which was valid for both vaporisation and dehumidification at both 
high and low saturation liquid concentrations in a packed tower. 
Discussion of the Results Comparine Physicai, Ab3or,t3ion axd 
DOaorDtion Rte, 
With the exception of Rmmert and Pigford. (19) the other 
oxperimontors found no appreciable difference between the rates of 
physical absorption and desorption. In attempting to explain 
difference found between the absorption and desorption rates Smert 
and Pigford advanced the theory that the difference was due to a 
difference in aocoomiodition coefficients i.e the ratio of the number 
of molecules which strike the interface and have sufficient energy 
to penetrate it to number of molecules which strike the surface. 
They also suggested that the accommodation coefficients may vary 
with concentration. The former argument suggests that the absorption 
is both gas and liquid film controlled which contradicts the studies 
of other authors (U,28952,69) and as Amert and Pigford found that 
with the addition of a. wetting agent the relative rates of 
absorption and desorption were equal this would suggest that the 
factor causing the difference was located entirely in the liquid 
phase. Goodge and Sherwood (24) using a stirred tank, and Koch 
at a]. (37) using a packed co1in, measured the gas phase resistance 
in comparison to the overall resistance and found it to be baa 
than 0.02% of the overall resistance. Thus it would appear that 
the former ar Lent advanced by Fmaert and PigfoH to explain the 
difference found between absorption and desorption is false nd the 
latter is a hypothotioal statement which cannot be proved. 
As Rumert, and Pigford found that the absorption of carbon 
dioxide was faster than desorption,, chemical reaction cannot be 
overlooked. It has been proved, however, that the chemical reaction 
of carbon dioxide in water is negligible (29) as less than 0.2% of 
the dissolved gas can exist as ions and., furthermore, the rates of 
reaction of carbon dioxide in wator are rapid (30)6 
Crank (10) examined the solution of the equation:— 
	
= 	' It 
	 1.19 
for diffusion of gas into quiescent liquid., where the diffusivt,y 
was a deoz'en.sing funCtion of concentration, which Gives the ratio 
of transfer rates fo: desorption to absorption greater than unity. 
Although this result cannot be a1ied directly to a turbulent 
system there is still the possibility that a difference may occur. 
Onda et a]. (42) found that the 'intergral' diffusion coefficient 
for a carbon dioxide water system at 200C dropped from 1.76 to 
1.25 x 10 5sq. ./seo, when the initial concentration of solute 
4_ 	_i_.. 	- 	 - in  tj r L 
-r.uV 	U ~, 	 P, 
 
-I 
and Pigford.'s results for carbon dioxide it can be seen that the 
two results are in oouiplete contradiction, If, however, the 
d iffuLd.vity of oxygen decreases with concentration this would 
support the results of the above taxt1wrs but no evidence could be 
found of this. 
Tan6 and lthmnelblau (Go) were not convinced that the diffusivity 
Of oaiton dLoxlde varied with concentration as found by Onda (4.2) 
and ocnduoted a series of experiments similar to Onda finding that 
over the same range of saturation of' liquid at 25 0C the diffusion 
coffioient ws 1.92 x 10"5sq. om./seo. + 2. This result was 
Cuxs.fii'med by ttterson (44). 
Prw the above reports it can be seen that there is some 
disagz'dencnt as to whether the rates of physical absorption and 
desorption are equal when the driving forces and flow conditions  
are the same • It can be seen that in some oases the mass transfer 
coefficient appor.ra to be dependent on the degree of saturation of 
t1 w 	d. and it also appears that the geometry of the equipment 
uze an effect probably due to surface ageing. Thus if any 
lLfforenoo exists between the rates of absorption and desorption it 
All be small and the equipment used to measure it must be 
: i'or'ondjng1y accurate. 
cu1d be found whore the effect 
- 	 prative rates of absorption 
:td desorption were investigated., Ammert and Iigford found that 
. th the a&t.tion of sun ace agents the relative rates of absorption 
id desorption of both oxygen and OarbOU dioxideinto water were 
1 although as previously stated a difference was found when 
solvent was used. The effect of surface sotve agents on the 
--tes of m- 	trftr hr boos rov*v:rci by Steirt (5). 
ClIAPTIER 2. 
DEVELONNT OF EXPEIMENAL METHOD. 
Theoretical C nziderttion. 
Consider the diagrems in Figure 11:1 on the following pate as 
representations of a typical absorption unit. The rate at which 
the solute gas is absorbing or desorbing can be found by: - 
 A mass balance on the liquid phase. 
 A mass balance on the gas phase. 
a) A mass balance on the solute gas. 
A. Mass Belanoe on the Liquid. Phase ,-  
A mass balance can be conducted on the liquid phase by weighing 
the liquid at inlet and outlet. This yields the equation:- 
N = L?. - L, 	 2:1 
where N is the rate of absorption or desorption. 
This method can be ruled out, however, as although the liquid can 
be weighed accurately, the change in weight which is the important 
measurement would be so alight as to render this method ineffective, 
he liquid would also have to be stored during collection and 
;eighing and hence is liable to dsorb during this time. The time 
,luring which the liquid is collected at inlet and outlet would have 
the se an any small errors in those times would 
0. .ble errors in rate calculations due to discrepancies 
i 
mass balance on the gas phase can be done by metering the 
outlet gas streams • Metering yields the equation: - 
- G ,  - Grt 	 2:2 
TY' O ue 	--' 'nT inrt t - r rti' of iolut 









to marts fed to the absorber must be known. Although the flow 
rates can be measured reasonably aoouratel.y, it is the difference 
in flow rates which is iaDortant and hence unless the absorption or 
desorption is rapid., resulting in a large difference between the two 
flaw rates the possibility of errors is high. 
An alternative to this method is to utilize the pressure or 
voliae change caused by absorption or desorption. This yields the 
equation: - 
H AV/t 	P/t 	 2:3 
This means that a closed system must be used when rate measurements 
are being taken i.e. the gas inlet and outlet must be sealed and 
the liquid inlet and outlet must be at constant heads • Here the 
rate of absorption or desorption is measured either directly by 
timing a volume change or indirectly by timing a pressure change. 
Using this method the possibility of errors is low as the readings 
a volume or pressure measurement and noting a time. 
[Lf 	1cmoe on the solute 
mass balance on the solute gv.s. assuming no Liquid 
tion, :olds the equation:- 
L(zt - x 1 ) a G 1 y - 	 2:4k 
U 	thu ..uit hand side of the equation to measure the ratio of 
b sorption depends on the accuracy of measurement of the difference 
vieen two analysis. Here again the possibility of errors is high 
..AOSS the absorption or desorption is rapid.. There is the added 
ossibility of an error being made in the liquid flow rate 
Using the right hand aide of the equation the rate of absorption 
or desorption beocmes:- 
N a G.1 y1 - Gyt 
	 2:6 
In this case either, G or G must be motored and y and y obtained, by 
analysis or, G- and G metered and y or y obtained by analysis. flare 
again the possibility of errors is high as the results depend on 
either the difference of two analyses or the difference between 
two flow rate measurements. In the former oase there is the added 
possibility of an error being made in the gas flow rate measurement 
and in the latter case an error being made in the analysis • Using 
pure solute gas equations 2:2 and 2:6 are identical. 
In a few oases it may be poasiblu to analyse both phases, which 
ane that one of the results sots as a check on the other. This 
o1cIr thr , oqur.tion: 
a L(x - x, ) n G, y1 — Gayk 2:7 
iL ony a i'ei ijstems can be investigated by this method. 
L-cussion of Theoretical Consideration 
As can be seen it is undesirable to use a method whioh involves 
ifferenae between two analyses or two flow rates as any small 
he analysis or flow rate measurements is greatly magnified. 
.'ferenoe between the two measurements is made • Using 
trttion 25:- 
x) IL 	I 
- - 	 iaj overeome if pure solvent is fed. to 
;rJ absorber. This method is ruled out, however, as it is intended 
.1 vostiate any effects of the degree of saturation of the solvent 
io rates of absorption and desorption. Also the accuracy of 
be the same in each system investigated. 
which realizes equation 2:3 (N = A V/t = AP/t) in practice. The 
rate at which absorption or desorption is 000urin,g can be found by 
timing either a pressure or a volume change. As both these 
quantities and the time taken for the above changes to occur can be 
measured accurately the possibility of errors is=all. In this 
method, no analysis is used., therefore the method is independent of 
the solvents and solutes chosen: hence any gas-liquid system can be 
investigated provided it does not attack the materials of 
construction of the apparatus, One possible disadvantage of this 
method is that pressure volume and temperature are all interrelated, 
thus any small temperature change can cause a measurable pressure or 
volume change. This diffioulty may be overcome by boating all the 
apparatus in a constant temperature bath. 
Review of &thods Used for Meaaurin AbsorQtiofl end. Desortion Rai a. 
Several methods have been developed for measuring absorption and 
desorption rates which zna1y be divided roughly into three systems:- 
Onoo through systems. 
Circulating systems, 
Combination circulating and once through systems. 
Once Through Systems, 
The diagrams in figure 11:1 can be eonsidei'ed as a representation 
of a once through system. Using this method liquid and gas of a 
known composition are fed to an absorption unit. The rate at which 
gas is absorbing or desorbing can be found by one of the following 
methods:- 
A mass balance on the gas phase. 
A mass balance on the :Liquid phase. 
a) A mass balance on both phacs. 
Conducting a mass balance on the gas phase means that equation 
2:6 must be used and thus the possibility of errors is high. If 
pure solute gases are used it is possible to have the gas flowing 
through the absorption unit until steady state conditions are 
reached.. The inlet and outlet gas streams are then sealed 
simultaneously and the rate at which the solute gas is absorbing or 
desorbing can be found by timing a known pressure or vole change 
to occur, (equation 2:4). This means that the liquid inlet and 
outlet must be at constant heads • This method is unsuitable if 
marts are present as diffusion through the gas phase will be 
important as the gas phase is stagnant when measurements are being 
taken. Even when pure solute gases are used this method suffers 
from the disadvantage that the gas phase is stagnant which might 
cause the flow pattern of the liquid to vary and cause a change in 
the liquid holdup. 
Conducting a mass balance on the liquid phase means that equation 
2:5 must be used and as expleinud this method is subject to errors. 
Also to investigate any effects of the degree of saturation of the 
solvent on the absorption and desorption rates varying concentrations 
must be fed to the absorption unit. Known solutions of the solvent 
must be prepared and stored before the solvent is fed to the 
baorotion unit. Unless the solvent can be analysed accurately on 
of an error 
iaass balance on both phases (equation 2:7) may be used in a 
.ieo but this restricts the iuinber of systems which can be 
weatigated. 
c.tji Systems. 
diagram in Figure 11:2 illustrates a circulating system. In 
system the gas and liquid are continuously circulated in two 










at which the solute gas is absorbing or desorbing can be found by 
any of the methods described for a once through system, apart from 
the method in which the inlet and outlet gas streams are metered. 
In this case, however, if analysis is used all the analysis must be 
done on line as no samples may be withdrawn. Some of the methods 
available for analysis are conductivity,, pH, w'v light absorption 
and radio-active tracer monitoring. This places a restriction on 
the systems which can be investigated. It is still possible, 
however, to use equation 2:3 in this system. As it is a closed 
system the liquid is isolated from the atmosphere and no constant 
head supply is required.. As the degree of saturation of the solvent 
is increasing or decreasing throughout a run any saturation effects 
on the rates of absorption and desorption will be noted.. 
Combination Ciroulatina and Once Through Systems. 
If any oonoentraton effects on the rates of absorption and 
desorption are to be investigated it is possible to continuously 
circulate the liquid and have the gas in a once through system as 
shown in Figure 11:3. Here the liquid must be analysed aqourately 
on !L e 	it enters the absorber as any errors in the gas phase 
onts tend to be aimiulativs. The rate at which the gas is 
:y of the methods previously described. 
.LjCd accurately on line as it enters the 
bsorber this restricts the systems which can be investigated.. 
ivelotent of Experjnentcl Method.. 
A can be seen from the previous oor.sidarations it is undesirable 
1. o U3C a method which uses a difference between flow rates or 
• 
or liquid aslysis should be used as the nnbor of systems 
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which oould be investigated would be restricted by the methods of 
analysis available. The analysis would have to be changed for each 
system employed and the accuracy of analysis would not necessarily 
be the same in each case. If no analysis is to be used the 
following facts nuat be known: - 
(i) 
	
	The total volume of gas dissolved in the liquid and the 
entering liquid concentration. 
 The partial pressure of the solute gas in the gas phase. 
 The time taken for a small incremental quantity of gas to 
dissolve. 
Without analysis all the above fots must be found from either a 
pre a sure or volume change,, thus all methods of measurement must be 
located in the gas phase. There are three possible alternative 
systems of doing this.- - 
Constant volume, varying pressure. 
Constant volume, constant pressure. 
a) Varying volume, constant pressure. 
As stated previously the temperature of the apparatus must be 
kept constant. The apparatus must also be leak free. 
Constant Volume, Varying Pro sure 3y3tem, 
C.insider the diagram in Figure II: as a representation of this 
., . turn • 
 
Solute gas saturated with solvent vapour is above the 
1 rated from it by a barrier which is then removed and 
tarts to dissolve resulting in a pressure drop. 
Knowing the original pressure of the system the volume of gas 
iissolved in the liquid can be found from the pressure drop and so 
the liquid concentration. From this the equilibrium pressure due 
1. 	 An 
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known pressure drop to occur, from which a volumetric rate can be 
calculated. For a desorption rim the solvent is saturated, to a 
known pressure with solute gas and the pressure of gas aide is 
reduced.. The increase in pressure is then utilized to measure 
desorption rates in a similar manner to measuring the absorption 
rates. 
Constant Volume. Constant Pressure System, 
Absorption. 
a) Pure Solute Gas, 
In a constant volume, constant pressure system the pressure of 
the system is kept constant as shown in the diagram in Figure 11:5. 
At the start of a run the gas aide contains pure solute gas and 
solvent vapour. As the gas starts to dissolve the pressure drops 
but when this occurs solute gas is added., either manually or by an 
automatic valve actuated by a constant pressure device s, from an 
external, vessel containing solute gas. The solute gas can be in a 
gas burette from which the volume of gas added can be found 
directly or in a vessel containing solute gas under pressure. In 
the latter method volume of gas added can be found from the pressure 
drop, , From the volume of gas added during a given time the rate at 
which the gas is absorbing can be measured.. From the total volume 
of gas adñed the concentration of rs in liqu.H can be calculated 
as the partial pressure of the solute gas remains constant, the 
Loiving force for mass transfer can be found, 
b) Solute Gas plus marts. 
1 'I'ds  ease there is a known percentage of inerts present at the 
the run and as no inert gas abaos during a run the partial 
rossure of the solute gas is again kent constant by the solute gas 
Desorption. 
Pure solute Gas. 
At the end of an absorption nm solute gas is added to the 
system to saturate the solvent at a pressure greater than the 
reference pressure b after which the pressure of the system is 
returned to the working pressure. As the solute gas desorbe it is 
withdrawn into the external vessel. Unfortunately solvent vapour 
is also withdrawn and as the solute gas continues to desorb the 
solvent will evaporate to maintain its equilibriti vapour pressure: 
thus a correction factor must be made to take this into account. 
Solute Gas plus Inerts. 
At the end of an absorption run when inerts are present solute 
gas is added as before to saturate the gas at a pressure greater 
than the working pressure. After the system is returned to the 
worIcin pressure the solute gas starts to desorb and the gas mixture 
is withdrawn to keep the pressure constant. Each time a known 
volume of gas is withdrawn there will be a certain percentage of 
inerts in this volume, thus the partial pressure of the inerts will 
gradually drop throughout the run. Without analysis it would become 
virtually impossible to calculate the ratio of solute gas to inerts 
each iuoromentsl volume withdrawn. It would therefore become 
ossible to calculate the true rates of desorption and the driving 
co. As it was intended to vary the partial pressure of the 
:olute gas by diluting with irierts this method was rejeoted. 
Vin Vpltne. Constant Pro a sure avst. 
Li this method the pressure of thee system is kept constant as 
in the diagram in Figure 17:6. The method can be made 
but 	b. 	if the volume of the system is vrried by 
step. 
At the start of an rb3or'ti.n run t!:c o --1,--, n!-1 voluzu. of r cLuto 
'U 
VARYING VOLUME, CONSTANT PRESSURE SYSTEM 
\CONSTANT PRESSURE 
/ )DEVICE 
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SOLVENT VAPOUR  
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FIG. 11:6 
gas is Imown and as it dissolves the volume of the system is 
decreased to keep the pressure constant. This change in volume is 
the volume of solute gas dissolved, in the liquid., hence the partial 
pressure of the solute gas can be calculated at any time t, when the 
systeza is at the i'ofernoe pressure, from the formula:- 
p.p. a 	 x reference pressure - vapour pressure 	2:8 
c 	 of solvent. 
whore v a total decrease in volume at time t. 
V - original volume of solute 9u3. 
V * volume of gas aide. 
From the volume of gas dissolved, in the liquid i.e, the total 
deorease in volume at time t the equilibrium pressure due to the 
dissolved gas can be calculated, hence the driving force. For a 
desorption run the above facts are found from the increase in 
volume. The rate at which the gas is absorbing or desorbing must 
now be found. Consider the onso whore absorption is ocouring. At 
the start of a run the system is at the reference pressure but as 
the gas dissolves the pressure drops and the volume of the system 
decreases • Thus if the time taken for a measured decrease in 
volume is noted this is the time taken for an equivalent volume of 
gas to dissolve. For a dosorption run the process is reversed and 
thu timu t'1kcn for r.L1 iiir :;o in VOlilu iS noe. By this method 
irtn1 r.tu e.i b c;uroJ trou'ut U. run. This method 
is suitable for using either pure solute gas or solute gas plus 
inerts, an error being introduced when marts are present but this 
is very mall (Appendix 1). 
Choice of Excerimental Method.. 
It  
V J7111; :_: Ufu 	 01' 	Qi1t'flt 'l'JU'c 	7 
ytei. With the former method there is the iDosSIbility of the 
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solute gpz desorbing in parts of the apparatus other than the 
absorption unit. It was thus deemed better to use the constant 
pressure, varying volise e.ystem • Using a constant pressure, varying 
volume system means that any gas-liquid system can be used provided 
the gas or liquid does not attack the materials of construction. 
If pure solute gases are used the gas side can be stagnant but if 
marts are present a circulating system must be used to prevent 
marts from building up around the absorbing surface. Since the 
method demands fixed quantities of gas and liquid it follows that 
the apparatus involves two closed loop oiroulating ajratems, one for 
as and one for liquid which come into contact in the absorption 
unit, 
Possible Liquid Systems for a Close4 Loop SystE*fl. 
Consider the diagram in Figure 11:7 on the following page as a 
representation or a closed loop circulating liquid system. The 
exit liquid 02  can return to the entrance to the absorber in one of 
three ways : - 
To approaoh perfect mixing. 
To approach plug flow. 
To use a stepohange system. (This will be oxpisinod in 
more detail later). 
In all oases it must be possible to find, the entering liquid. 
concentration. 
PerfectLy ixed System, 
In c perfectly m1-rd system the concentration of liquid 
entering the absorber at any time t is: - 
00- YJL 	 2:7 
where vt - volume of gas d.is3olved in the liquid at time ts 




The disadvantages of this system are that it is difficulty to 
attain good rtiidng without stirring the liquid violently which 
produces heat and when the liquid approaches saturation the solute 
gas may &sorb due to heat and pressure changes around the stirrer. 
Also the liquid can never be perfectly mixed as there must be 
pipelines leading to and from the absorber and a liquid flooter 
must be incorporated. 
Plw now rtem. 
If it was possible to set up a perfect plug flow system with no 
mixing in the liquid pipelines, pump and absorber the plug flow 
ziyatesn would in fact be a stepohenge system. The faint lines on the 
graph in Figure 11:8 iuustrate a perfect plug flow system. In an 
actual case the stepohange tend to disappear due to mixing of the 
liquid as it circulates and the curve of liquid concentration 
against time approximates to an exponential decay curve. The heavy 
lines on the graph show an actual case. 
It any time t the mean conoentration of gas in liquid is known 
and from this the entering liquid concentration must be foumd. 
Towards the and of a run it is reasonable to assume that the 
ooneentration of gas in liquid varies uniformly throughout the 
• 	 ::L1 - liquid ooncenttjo at tIC t 
-/2: where *Cis the vero 
tine taken for a mnll incremental volume of liquid to complete one 
iroulation. Therefore, if a graph of gas in liquid concentration 
is plotted against accumulative time the entering liquid. 
Di; back time W2 on the 
-: 	• ji 	aible di8advanta,3e of 









In a closed loop ystoi a stepohawe system is c. system in which 
liquid is fed from a storage vessel A to the absorption unit from  
which it passed to a second storage vessel B. After the first 
Vessel A is empty the liquid in the storage vessel B is fed to the 
absorption unit from which it passes to the storage vessel A. This 
cycle is repeated throughout a rrn. Knowing the volume of gas 
which dissolved in the liquid at each step the entering liquid 
concentration for the n 	ter can be fowil fromthe cquition:- 
Ze "-I 
Go 	V 	 2:9 
where vi = volume of gas which dissolved cbu!iflg the i th step. 
The advantage of this mothod is that during each step liquid of a 
known fixed aomtiosition is entering the absorption unit. The 
disadvantage is that the storage vessels must be isolated from the 
atmosphere to prevent desorption of the solute gas and so they 
must therefore be able to expand and oontraoto 
Choia of Liquid Oystem, 
rfeot mling can never be aohieved and although sane 
..ental relationship could probably be derived to relate the 
Aean and entering liquid concentration there is still the 
:oasibility of the solute gas deaoxbing in the liquid side due to 
heat and pressure changes around the absorber. A mixed system 
ootecl 
item the entering liquid concentration 
o with time but this is not punitive as towards the end of a 
'un the graph of liquid concentration varies almost linearly with 




apparatus can be built to realize this stepchange system in praotioe 




DEVJLO1ENT OF APPARATUS. 
Gas 3ytein.. 
The final desin of the gas side of the apparatus remained 
virtually unchanged and will be described in the following chapter 
along with the waterbath and airbath. 
I.iqui. &s tern. 
In any circulating system the concentration or liquid entering 
the absorber is not necessarily the same as that of the bulk and to 
overcome this a stepohange system was tried, This was set up as 
shown in the Figure 111:1, The liquid was contained in a cylinder A 
fitted with a double acting piston G, the cylinder being of 
precision bore glass tubing fitted with brass flanges at each end as 
it was imperative to see that no gas bubbles were present before 
and during a run. The construction of this cylinder is shown in 
Figure 111:3. The piston and rods were also of brass and were made 
watertight by a double O-ring seal. The seals were tested by 
running the apparatus continuously for four hours in a closed circuit 
when no measurable volume of liquid was lost. This was a large 
safety factor as most runs would take less than one hour. Drive to 
the piston was provided by a worm and wheel gear system which was in 
turn driven by an electric motor through a variable speed Eopp gear. 
Liquid was forced from side B of the cylinder to a self--noting 
v lye system D, which will be explained in more detail, through a 
tion unit F. It then flowed under gravity 
to the valve systemfrotnwhiohitpasaed.to 
reverse side of the piston C. At the end of the stroke the 
'cotion of drive was reversed by moans of rnioroswitohes II and H' 
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train the cylinder flows as shown lifting valve 1 and sealing valve 
2 and 3. Liquid flows from the absorption unit, lifting valve li 
and passing to the reverse side of the piston. When the piston 
roaches the end of its stroke the direction of flow is reversed. 
During the reverse stroke valves 4 and 1 are sealed and valves 3 
and 2 are open. The body of the valve system was built in three 
brass sections and the ball valves were of teflon. 
This method meant that on each stroke of the piston liquid of a 
known fixed composition was f1owin into the absorber. However, 
this method, was found to be unsuitable as throttling occurred in the 
valve system and the reverse aide of the piston was under a slightly 
reduced pressure due to the valves which led, to bubble formation 
when the liquid approached saturation. There was the added 
possibility that the flow pattern in the absorber could vary due to 
the discontinuity when the piston was reversed.. 
Choice of Absorption Units, 
After Higbio (29) showed the importance of gas liquid contact 
time in absorption (and desorption) processes as found in industrial 
oontacters, laboratory apparatus has tended to approximate to the 
ype of contacter found in practice. Higbie obtained short contact 
b; r1or;i bbb1o:; oi' as up a narrow 	 e so his apparatus 
to c. ot 	;all oo1n. Laboratory apparatu.s 
.ay be divided into several main groups; sets, wetted wall ooltnns, 
all packed tower, single spheres, coxnns of spheres, disc columns 
'eoialimed pieces of equipment such as rotating drums. 
;ort contact times between gas and liquid can be obtained when 
:iquid. jot (3,7,4.7953 060) is used but speoiol precautions must be 
L. in to avoid entrance and exit effecta. Soriven and Pigford (53) 
ov1oped specially designed nozzles ,hercby it was possible to 
.let 	f1.t velocity 'rofile ihich coAerrhly 
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siaplyfied the mathematical analysis of the liquid side diffusion 
coefficient, allowing very accurate measurements of gas absorption 
rates to be measured.. Using short wetted well oolinne (39,641,68) 
contact times of loss than one second can be obtained the main 
difficulty being the analysis of the entrance and exit effects in 
relation to the total absorption. Small packed columns (16,17,31 9  
43,56,63,70) have also been used in laboratory experiments but bore 
the results can only be analysed quantitatively. A few specialized 
pieces of apparatus have also been developed to give short contact 
times between gas and liquid.. G.ovid.an and Quinn (1.3) used a moving 
band, absorber and Dankwerts end. Kennedy (44) used a rotating drum with 
one half immersed in the liquid to expose the liquid to the gas for 
a series of short contact times. It is again difficult to analyse 
the end effects. By using a col umn of discs over which a liquid. 
flowed Stephen and Morris (57) tried to approximate to packing in a 
tower but found it was difficult to obtain even distribution over the 
discs. This difficulty may be partly overcome if a series of table 
tennis bells are used as was attempted by Davidson et a3. (15). 
Cullen and Davidson (U) used a single table tennis ball over which 
ii ui g, flowed and were able to analyse the results mathematically. 
i:iadad to use a variety of contacting devices to 
u. 1tio and desorption but it was thought to be better if 
Ilie first oontaotor used was one which could be treated. 
:t.thiaatioal1y so that the results obtained could be compared with 
theory. For the above reason it was, decided to conduct the initial 
- tted table tennis boll. The wetted table tennis ball 





As stated in Chapter 2 it is essential that the apparatus be 
kept at a fixed temperature. It was originally hoped to build all 
the apparatus in a waterbath, so the sizes of the various pieces of 
equipment and connecting pipelines were worked out to find the 
dimensions of a suitably shaped waterbath, the main essential being 
that it was deep enough to a000inodate the gas and liquid flowmoters. 
No ocinmercial bath was available of the desired dimensions, so the 
bath was built in the department. This was no rcal disadvantage as 
it was intended to build soo of the apparatus through the side and 
bottom of the waterbath, allowing the heaters and controller to be 
plaoed. accordingly. The bath was insulated from the atmosphere by 
a casing which completely enclosed it. After it had been built and 
tested its temperature range was found to be j 0.002 0C. 
It was found that when the equipment was placed in the 
waterbath, the stopcocks leading to and from the absorber were 
difficult to support and. manipulate. Hence for ease of access and 
support the stopcock manifold and absorption unit were taken out of 
the waterbath and built into an airbath surrounding the watorbath 
Although the temperature stability of the airbath was less than that 
of the waterbath the errors introduced by temperature fluctuations 
were anal].. Because of the delay in temperature measuring devices 
inserted in a gas system the temperature fluctuations iiere tested 
by pressure changes. To do this, one side of a aicromanometer was 
connected into the apparatus and the other side to a constant 
pressure, namely a gas filled Vessel in the waterbath. This 
mioremonometer had a range oft 3cmne water gauge. Over a period of 
three hours the maximum pressure change was j 0.O5mri • As the pressure 
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change caused when the volume of the system is varied, by half a cubic 
centimeter is 4.4um. 1120 the error caused by the temperature 
fluctuations will be no more than 1.15. If the rates at which the 
gas is absorbing or desoibing are measured consecutively throughout 
a run the best line through the points plotted will elimenate the 
slight errors duo to the temperature fluctuations. 
Having the absorption unit in the sirbath proved advantageous as 
the temperature of the airbath could be Bet approximately one 
twentieth of a degree higher than the waterbath which prevented the 
absorption unit from misting over as happened in the waterbath 
towards the end of a run. Also there was a slight vibration in the 
waterbath which sight have affected the flow pattern in the absorber. 
Gas system.-  
The essential parts of the gas system are; a method of 
circulating the gas, a flowmeter, a constant pressure device to give 
a fixed reference pressure, a device to measure the volume of gas 
added, a method of varying the volume of the system, a method of 
filling the system and a method of flushing out the system, 
It wr'.s decided to use glass for as much of the equipment and 
pipelines as possible. This was done for the following reasoner- 
If condensation occurred in any of the gas lines it could be 
seen. 
Glass is virtually immune to chemical attack so almost any 
solute-solvent system can be investigated., 
e) pipeiork could be shaped reasonably easily, 
&) Springloaded stopcocks are available and are leak-tree. 
A method of circulating the gas must now be fowid., ith any 
email positive action pump it is difficult to obtain a nonfluotuating 
output from the pump because of its mode of operation. Using a 
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positive action pp a relief valve must be incorporated as stopcocks 
might be accidentally left closed.. If a BtOp000k in the gas lines 
is only partially open there can be a large presbure drop across it 
with a positive action pump and thus some parts of the apparatus 
will not be at the reference preaire. For the above reasons it 
was decided to use a small centrifugal blower to circulate the gas. 
To avèid, any shaft sealing problems this pimp was magnetically driven 
and was hence completely leak free. This blower was built as shown 
in Figure IV:].. After it had been built and tested its output was 
far in excess of that demanded,, provided there were no constrictions 
in the apparatus. Thus if the output of the blower is varied by 
driving it by a variable speed electric motor rather than by 
throttling the gas strenm 1 pressure in all parts of the apparatus 
will be virtually constant. The blower was situated in the 
waterbath, minimising heating effects due to friction: metering of 
the gas was by rotemetor. 
3o that the runs could, be conducted independent of the 
atmospheric pressure a constant pressure device must be found to give 
a fixed reference pressure • Because of its simplicity a barometer 
was chosen. This was set up as shown in Figure IV:2, Height h was 
arranged to be near 76., in practice this height was 765.4mm,, 
Although the top or bottom mercury level could have been read by a 
miorosoorpe it was thought better to use an eletric circuit as shown 
in the diagram. A no voltage circuit was in fact used for contact 
through the mercury i.e. the circuit through the barometer was 
incorporated across the grid, of a triode valve which in turn 
activated a relay. This had two advantages in that it prevented 
sparking between the mercury surface and the bottom contact which 
would in turn cause oxidation of the mercury leading to faulty 
contacting. It also meant that the mercury had to touch the bottom 
-' 
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FIG. IV: 2 '  
contact before the circuit was made. Thus if the pressure of the 
system is aLjuated so that contact is iust made or broken the 
apparatus is at the reference pressure. If at any time it was 
desired to make the system automatd.o the barometer could have been 
Converted into a mano stat which would in turn activate some device 
to vary the volume of the system. 
Originally it was hoped to utilize the barometer to measure the 
rate at which the solute gas was absorbing or desorbing but this 
was found to be zapraotioabt .iliis difficulty was overcome by 
connecting one side of a mioromcinaneter into the gas system and the 
other aide to the reference pressure. This was done as shown in 
Figure IV:3 below, 
v,t-v 
42 fPH P.M 
FIG. IU:3 
At the start of a run valve A is open so that both aides of the 
manometer are connected, to the reference pressure. Before absorption 
starts valve A is closed, trapping a vo].izne of air between the valve 
and the diaphram at the reference pressure • ks the solute gas 
dissolves a pressure drop occurs causing a neative deflection of the 
needle of the mioromanometer. The volume of the system is reduced 
to return the needle to zero at which time a stopwatch is started 
and the volume of the system decreased further by a fixed volume, 
positive deflection of the needle and the time taken 
to return to zero is noted.. This is the time taken 
r an equivalent volume of gas to dissolve. As the light circuit 
- 	 - 	-, 
'9 
point of the miorsuvrteter. 
The method whereby the volume of the gas system is varied by a 
piston as shown in Figure 11:7 is replaced by adding mercury to or 
withdrawing mercury from a vessel in the gas system, thus avoiding 
any sealing problems. An advantage of this method was that the 
mercury could be added from various diameters of burettes • Therefore, 
at the start of a run when the absorption or desorption is rapid, 
mercury was added from a large diameter burette and at the end of a 
run a narrow diameter burette was used. This allowed very precise 
measurements of the vo]..*ne of mercury added to be made. During an 
absorption run the mercury flowed in under gravity and during a 
desorption run the mercury was withdrawn by applying suction to the 
burettes. To promote intimate mixing at all times the vessel to 
which the mercury was added had the gas inlet pointing down into the 
vessel at one aide and the gas outlet at the opposite side pointing 
up. The as mixture therefore had to turn through 360 0 in its 
passage through the vessel. As the inlet c.nd exit were wide, it is 
reasonable to assume that no dead pockets 000ured. The pressure 
meter used to ealoulate the volume of solute gas added was a 
mercury manometer. 
A method of filling and flushing the system must now be found. 
To achieve this, the apparatus was set up as shown in Figure 1V:. 
The drawing is not to scale. Parts of the apparatus to the right of 
GG' are situated in the waterbath. To fill the system stopcocks 
A gB OR and F are closed and with stopcocks C and D open the inert gas 
ij c eulctc. V-lv F is then opened to the solute gas which was 
tori unier ::3ur.  3olute gas is added to a known pressure and 
o solute-inert gas mixture a iroulated for approximately ten minutes 
t allow the gases to become intimately mid. To flush out the gas 







Stopcock F is opened to the inert gas and stop000k E to vaolu2rn. The 
gas system is then purged for nnnroximately ten minutes after which 
stopcock D is opened to sweep out the email volume of gas trapped in 
the stopcock. 
Liquid System, 
The essential parts of the liquid system are: a pp  to circulate 
the liquid, a ±'lowmeter, a method of filling the system and a method 
of draining the system. Glass is used for as much of the liquid 
system as possible for the reasons mentioned previously, but in this 
case it was imperative to see that no gas bubbles were present 
before and during a run. 
After the failure of the stepohange system for the liquid a 
circulating system was tried. There now remained the problem of 
finding a suitable pump. After examining various designs of pumps 
it was found that a peristaltic pump was most suitable as its mode 
of operation does not tend to heat up or shear the liquid (important 
when the liquid approaches saturation). A drawing of this pump is 
shown in Figure IV:5. This pump 	built through the side of the 
waterbath at the lowest point in the liquid system to prevent the 
solute gas desorbing under reduced pressure on the suction aide of 
the pump. Drive to the pump was supplied by a shaft through the side 
of the waterbath. It was found that flow from the pump pulsated and 
von after the working surface of the pump had been carefully 
iiled the flow fluctuations could not be "ironed out" completely. 
It was then decided that the only possible alternative was to use 
ump. Although this type of pump tends to shear the 
thought that if there was a reasonable head of liquid 
• ;ove the pump (in practice this was eighteen inches) it would be 
•iily that the solute gas would come out of solution on the 
-01ior. The 	v: 	tu.tc 	t t'-r-, lo:t 	of the 
N 3p.cn 







$ysteri to keep a positive pressure on the inlet of the pp at all 
ti*e., To avoid any shaft sealing pvob3.ess this pump was eMlnr 
In construction to the blower. The only ditterenoe was the iepellor.  
Power to the pip was again aupplied by a vrieblo speed electric 
motor. After it had been built and tested output from the pp was 
well within the range dananded. The pp fucstianed ideally providrd 
no shook load was applied to it. In all the runs oonotod no gas, 
bubbles were seen at the outlet of the pmp e  Metering of the liqiLd 
was by a rotaeeter.  
So that it oowld be fillet and drained the liquid system was set 
Up as sbon in Pijure xv6. All the pipowoit in the watei4ath was 
in the torn of ooU.s to enhance temperature controlt To fill the  
system stopcocks E and. G wez'o opened and the pump started. Stopcock 
K was tinned to position 2 and the liquid fUled up to the inlet of 
the ebeox.r at whiob time etopcook G was closed. The p*ap was 
ate.rted to prevent air bubbles being trapped in the impellor. 
3topcook K wee thin toz'ned to position 3 end the liquid side filled 
to the ezit  of th sh30Xb1* Stopcock II was now turuad to position 
I sealing the liquid sjtin. The liquid was allowed to ciroulate 
by opening stopcock G end the level of liquid in the absorber 
adjusted by means at the piston. The bypass was needed only when 
the table tennis bell ibeorption mit was used as gas bubbles were 
entrained in the liquid before the level of the liquid in the absorber 
was properly adjusted.e  No entraiza.at ooeurred ctter the level of 
the liquid was corrected 
TO drain the aystee stopcock X is olosed and etopaook J opened 
to vaow. Stopcock U is turned to position 3 and one side of the 
liquid 275+Am drained, Stopcock K is then turned to 'odticm 2 and 







There iar only sufficient time to study absorption and desorption 
using to absorption units. The first unit used was similar in 
design to that employed by Cullen end Davidson (U). A scale 
drawing of this is shown in Figure IV:7. The absorption sphere, 
namely a table tennis ball 1.9 ms, radius was mounted on a 5/32 in. 
dias stainless steel rod.. The sphere was fixed 3mm, from the inlet 
orifice and 15 oma, from the offtake tube. The gas and liquid 
inlets and outlets were arranged so that the absorption unit could 
be slid, out and rep1.oed by any other unit with the same fittings. 
The other unit investigated was a 1 in. din. glass tube poked. with 
in. x j in. stainless steel gauze rings as shown in Figure IV:8, 
8eouonoe of OperaLions for Condiotin& a Run, 
The complete apparatus was set up as shown in Figure IV:9. 
Originally before the start of a run the mioromanotnetor was switched 
on to allow it to warn up but in practice it was found better to 
leave the instrument switched on continually. If the needle of the 
mioroinonometer had wandered slightly it was returned to the zero 
point. The temperature of the baths were then checked. After this 
the absorber and gas side of the apparatus were ezmined to see if 
any condensation of the solvent had occurred. If condensation was 
pro sent in the absorption unit and gas pipelines the apparatus was 
flushed out as described previoua].y, but in this case stopcocks A 
and B were opened. Flushing was done by air drawn in through a tube 
packed with 3ofnolite to prevent unintentional sdñition of carbon 
diomdde • After flushing had removed the condensation the following 
sequence of operations were conducted to carry out a run:- 
1) Fill liquid side, check that no air bubbles are present, 
,;tart circulation. 
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Adjust liquid flow rat ', ,we Note aj, ccijust liquid level. 
Introduce small volume of liquid into gas aiôa. 
start the air in the gas side circulating with stopcocks AB,, 
C and D open, Z opened to the piston and F closed. 
Adjust pressure of system to near reference pressure. 
Allow air to become saturated with liquid vapour. 
When the liquid is in equilibrium with the gas, i.e. no 
pressure change was noted on the mioronnnnineter recheck liquid 
level and adjust if necessary. 
Adjust flow rate to desired value by means of variable speed 
motor, with stopcock C closed. 
Adjust gas presaure to reference pressure by means of piston 
with stopcock C open. Close stopcock R. 
Record pressure reading on mercury manometer. 
Isolate absorber and liquid side from the gas by closing 
stopcocks A and Be 
Open stopcock P to solute gas to add solute &a. Close 
stopcook F. 
]J.) Take new roaUin oft mercury manometer. 
	
1) 	flo; Z.LU;C czi:n 	o 	i 	'o 	pro.mately ten 
t 	i 	:tiy rai;;c, 
1) 
 
on stopcock E to piston and remove piston. Allow gas mixture 
flow out until slightly above reference pressure. 
1aoe piston and adjust gas pressure to reference pressure. 
3se stopcock Be 
) 	.oae stop000k C. open stopcocks A and B, isolate one half of 
nometer. 
to keep the mioromaeter near zero. After time 
ur' to 3 C ii'ou 	j'r1 it":t t'kin 
described. 
At end, of absorption run close stopcock A,B and D open 
stopcock C and flush out gas side with air. 
Do final flushing with air saturated with liquid vapour (see 
Note b), 
Circulate gar to ensure it is st working temperature, 
Adjust pressure of gas side to reference proseure, 
Close stopcock C and open stop000ks A and B to allow 
desorption to occur. 
aithdrai mercury to keep inioroaanoiaeter needle near zero 
point, take readings. 
At end of desorption run flush out gas side and absorber s 
Drain liquid side and refill. Circulate liquid and drain 
again. 
Refill with liquid for start of next run. 
Note a. 
It was found better to have the UIT) oircuj.atjn the liqui.d at a 
flow greater than that desired. Stopcock ( was then closed slightly 
till the desired flow rate was obtained. If the liquid flow was 
adjusted solely by c'eans of the variable speed motor with stopcook G 
fully open  the flow rate tended to fluctuate slightly. 
Note b. 
When stopcock I' aas turned to the inert gas it could either be 
connected, to the ao sphere through a tube of Sofnolite or to air 
saturated with liquid.. Originally the air was drawn through a 
bubbler to saturate the air with liquid but this method did not 
saturate the gas completely. To overcome this air was stored in a 
vessel containing liquid. The air was then displaced by adding 
liquid to the vessel. As the vassel was situated in the airbath the 
01 
air was saturated with liquid at the rorking temperature. 
Solutes and Solvents Used, 
There was only sufficient time to investigate a carbon dioxide-
water system. Several flow rates, using deionisea water were 
investigated. The affect of two aurrace active agents were 
investigated, namely N-Hexanol and Teepo].. Before the deionised 
water was added to the liquid reservoir it was boiled under vacuum  
to remove any carbon dioxide • if surface active agents were used 
they were alded to the water after it had been boiled. 
CFA.PThR 5. 
CALCUI4TIOL OF it3ULTZ. 
Calculation of Volumes of the system. 
Before any runs could be oondnoted the volumes of the gas side, 
the liquid side and the absorption unit had to be found. These 
volumes could have been found by filling the system with water and 
this method was used to measure the volume of the liquid side. This 
was not possible for the gas side as air pooketa would have been 
trapped in certain parts of the gas system. It was also undesirable 
to have liquid entering the barometer and manometers. The volumes 
of the system were therefore found by decreasing their volumes and 
from the resulting pressure change the original volumes of the 
system oould be oiloulated. The volume of the system was deoreased 
by adding a lcnovm volume of mercury from the burettes and the 
resulting pressure change read on the mercury manometer. The total 
volume of the system and the volume of the gas side were found by 
this method, the volume of the liquid aide being found by addition 
of water. The volume of the absorber was hence the total volume of 
the system minus the volumes of the gas and liquid sides. This is 
11'.3trated. in Table A pages 98 • The example quoted is not that 
:. the final design of the apparatus. 
Vclume of gas aide - 790 008. 
V. .lume of liquid side = Li.01 cos. 
Volume of absorption unit a 120 008. 
:: ::. 	;.: 	.. 	:.h..........iL. 	r,oked column is used 
V1ume of gas side a 790 OOS. 
.:.: 
= 384 033. 
C,) 
Volume of absorption unit a 112 oos. 
Volume of liquid side when liquid is circulating at 12 ltrs./hr. 
- 385 008. 
Volume of absorptiokz unit = 111 ooa. 
Calculation of Gas Phase Cacnposition. 
Bofore the start of a run the ga and liquid are at the working 
temperature T. 2980K, and the pressure of the system is adjusted to 
the working pressure P, 765.4 em. Hg.. The gas aide is then 
isolated and solute gas is added to it s causing a pressure ohange êP. 
After allowing the solute gas and sir to become intimately mixed, 
some of the resulting gas mixture is withdrawn to readjust the 
pressure to the working pressure P. The volume of solute gas present 
at the start of a run must now be found. If the volume of the gas 
system Vg remained oon3tant the volume of solute gas V 8 would be:- 
4? V8 = P+4P . Vg 5:1 
but the volume of the gas side inoreases slightly due to the drop in 
level of mercury in the meno stat and manometer. This change in 
volume must be taken into a000unt when the volume of solute gas is 
calculated. 
Initially W a flgRT 
After injection of solute gas:- 
UgRT+n3RT a (P+P) (Vg +AV) 
	
* Wg+APVg +AVP+AP6V 	 5:2 
Dividing by ngRT 	PVg 
+ 	 + 4&_ ÀY? + APVIF 
PVg 
Hence BA - 4 I a +A LAE  . 4VP ng 	 PVg 	 Q 	 53 
Therefore number of mo1 solute gas present when the mixture is 





) no + 12g 
* flg(1QQ ) dividing above and below by ng  
but! 
V8 	flg 
Vol. solute gas V3 - Vg ( 1Q ) 
+ a FAV + P AV 1 
APTg + PAV + PY 
rPVg+&Vg(P+AP)i' 	+ v ( + Ap)J 
rp + 4.! (P + Al') 	- Yg 	 5:4 
(p+p)+ AV -Vg 
For ease of celoulation a graph of P against V was plotted to 
som onleulating V for each run. This is shown in Figure V:l, 
Thus the volume of solute gas present at time t when the system 
is at the reference pressure is V3 vj, where vt is the volume of 
meroux'y added... The average volume of solute gas present between time 
t and t + dt, during an absorption nm, where the system is at the 
reference pressure at both tines is:- 




'uicl the .vcra'e g= phast. partial pressure between time t and t+dt is:- 
Vs - ,.,, + (ycit 
vt) 
- V'-v + (vt+dt - vt) 
X ref. pres. - yap, pres. of 
solvent. 
5:6 
L 'e \ = v.uuu Q 	314i ).UC 2LCr.Ln unit. 
the and of an absorption run the gas side is flushed out but some 
lute gas 13 tmtnped in the absort±cn unit. This volume of solute 
65 
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V3 9 i found from the cquution:- 
= 	- 	Va 	 5:7 
V - Yf 
where V. a volume of absorber and Vf a total volume of solute gas 
dissolved in the liquid = total volume of mercury added. Hence the 
gas phase partial pressure during a desorption run by the argument 
presented above 16:- 
/ 	 (Vt - v+dt) 
= 
VA + Vj,+ 
+ (Vt - 	
x ref press. - yap, press. 
 Vt -  of solvent 5:8 2 
Calculation of the Entering Liquid Concentration. 
At any time t the mean concentration of gas in liquid is known 
and from this the entering liquid concentration must be found.. 
During the initial runs a conductivity cell was inserted at the 
liquid entrance of the absorber. This gave a ',lot of gas-in-liquid 
concentration against time. The plot was similar to that postulated 
in Chapter 2 0 Figure 11:7. Although the cell could not be calibrated 
to give the entering liquid concentration it demonstrated that after 
time 3V during 	absorption,, the stepohangee had virtually 
disappeared.. During desorption, even at the start the initial step 
was barely distinguishable. Therefore the assumption made that the 
entering liquid concentration at time t was the. mean concentration 
at time t - 	was reasonable. If a graph of mean liquid concentra- 
tion is plotted against cumulative time the entering liquid 
concentration can be found as shown in Figure 11:7. 
The mean ooncentration of gas in liquid between time t and t+dt, 
I: 	n .bc'irrtion run, is given by:- 
- 
2 	ocs. -ts/'cc. liquid. 	5:9 
- LI 
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This Ttiust bc reduoed to  
	
vt+ 	 75• 
Om a L 	 298 005., gas/co. liquid.. 5:10 V 
3iaUarly for a desorption run. 
- 
2 	 7654. 
OM a ________________ X 760 	298 cos, gas/so, liquid.. 5:11 V 
p 
From the plots of o and or the entering liquid concentration 
C0 at any time can be found.. 
Calculation of the Overall I)riv1n Force. 
It has been proved. (37) that for a carbon dioxide water system, 
even when there is a large percentage of inerts present, virtually 
all the resistance to mass transfer is located in the liquid. phase. 
Thus if the composition of the solute gas is known, the interfaoe of 
the liquid can be asetnned to be at equilibrium with this gas. 
Therefore the overall driving force for an absorption run is:- 
Driving force 	Cj - C0 	 5:12 
- 	-C 	 5:13 
and for a desorptior. run:- 
Driving force = C 0 - 	 5:14 H 
{J  nits of Interfacie). Concentration s 
The exenole below is for a carbon dioxide-water system but any 
r solute or solvent chosen can be treated similarly. 
t ,Ucb the gas is dissolving is measured. in 008./soc e 
th vo1r 	 dissolved in the liquid is known in sos, gas/ 
. liquid., it is simpler to convert the interfasiel concentration of 
ie liquid from mm. Hg to sos. gas/co. liquid for consistency. This 
drw anin - 
= H 	.':here 	is bnos. 
IQ
- 
Now .X-is in moles gas/mole liquid 
22.4llf C - 	18 	0*3, gas/co. liquid.. 
No correction faotor is required as gas is at N.T.P. 
22,411i. 
181LC_- 
760 	22 943J+ 
224.1 
	
Cj 	X 	4. 
760 18H 





13 x 1.4 x 10.. x 760 
Cj 	pp. x 0.000999055 eos.gaa/oo.liquid.. 5:16 
Check ,_  
Solubility of CO2 under 760 mm. pressure at 250 = 0.759 003. 
gas/co. liquid (75,76). 
1 m.m. = 0.00099868 oos.gaa/oo.liquid.. 
Acouracy of Results. 
As explained any errors caused by slight fluctuations in 
temperature cancel each other out if rates are measured consecutively. 
There is the possibility of a mall error being introduced due to the 
alight inaccuracies in the calculations of the volumes of the system 
but this is less than 0.5. The purity of the carbon dioxide used 
was greater than 99.8. Therefore the main error will be due to the 
roaenoe of air absorbing and desorbing from the liquid as shown in 
A2Dendix 1. This error means that the rate of absortion can be 
2.6 ' low and the rate of desorption can be 0,61 low. Therefore any 
f1erenoe found in measuring the rates of absorption and desorption 
69 
.i 'DD1e a1t3orj. 
The run beios is A/1/]/T. 
Preasuri obange caused by injeation of solute cas a 12.4560ma. Hg. 
From Figure Vii the resulting V a 7.900c, 
Home the volume of solute gas present at the start of a run tram 
Equation 5z:-  
l2.Z56. 4.2 (76.5k + 12.1.56)- 	9 
79 
(76.5k + 12.4)6) + 790 (76.54 + 12.456 
a U7.5oc. 
In The table below are the readings taken during the run, From the 
average volume added during a step the mean concentration of gas in 
liquid can be found from quatiori 5:9. 
AiaaRricni, 
Total Vol, morse' I Time to Accue. Average Vol. Than Come, 
Added Vol ,Add.d Dissolve Tim Added of Gas in 
Liquid 
00S, 00$, 1005, US$ 005. 0550/006 
397.6 
15 1 4,0 440.6 15.5 0,0357 
16 1 508 491.4 16,5 0.0380 
17 0.5 26.9 518.3 17.25 0,0397 
175 0 0 5 31.9 550,2 17.75 0.0408 
18 0 9 5 36.4 586,6 18.35 0,0420 
18. 005 39.7 626.3 18,75 0 00431 
19 0,5 43.0 669.3 19,25 0,0443 
19.5 0.5 47,5 716,8 19,75 0.0454 
20 0,5 53,3 769,1 20.25 0.0466 
20.5 0.5 59.0 828.1 20,75 0.0477 
21 0.5 65.6 893.7 21.25 0.0489 
21,5 0.5 743 967,9 21.75 0,0500 
2200.. Dissolved 
01. 	 eonowitratia 
 
aouwulativu time i3 then 
made. This is those in Figure Vs2a. From this graph the 
concentration of the entering liquid can be found by going back 
Use /2 for each step as shown in the figure, The partial prosser. 
Of the solute Can in the gas phase is then converted to the 
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the interfacial concentration and the entering concentration gives 
the driving forrue  for nass transfers As the time taken for a known 
Voluo of gas to dissolve Pies been noted the rate at which the gas 
its dissolving can be found. This most be reduoed to X.T.P. 




~ 7() dt 
The above results are shown in the table below:.. 
Xnt.riag Interfacial Driving Rats of 
Liquid Liquid Coma, Force Ab.op, 
Cons, 
.cc./ao, ooa./oc come/Goa oos/0co 
0.0389 0,0635 0,0346 0,012 
0.0406 o.o63z 0.0226 0,011 
0.0421 o,o629 0.0203 0.0107 
0.0435 o.06a6 0.0191 0,0097 
0.0448 0.0623 0,0175 
 00088 
0,0460 0,0630 o,oi6o 0.0078 
0.0475 0,0617 0.0142 0.0070 
0,0433 0,0614 0.0126 0.0063 
1 1ot o r.vin form aainat rate of absorption is than made 
as shown in Figure VI:7. 
At the end of an absorption run the gas side is flushed out and 
desorption starts. Readings er, again taken throughout this run 
and are shown In the table below. The mean concentration of gas in 
liquid is round from EqUtion 5sU. 
EI3ORP?TI 
Total Vol, Incr...'l Time to Aso, Avorage vol, loan Cons, 
Added Vol • Desorb Time Added of Oss in 
Withdrawn Liquid 
cc.. oca us., sees eec. 055.400. 
285.0 
18, 0.5 343 3193 18.25 0,0420 
18 0 95 42.0 361.3 17.75 o.op8 
17.5 0,5 47.4 408.7 17,25 0,0397 
17 0,5 48.7 457.4 16.73 0,0385 
16.5 0 0 5 g5.5  512.9 16.25 0.0374 
16 0 65 ,3 573.2 15,75 0,0362 
15.5 0,5 77,5 650,7 15.25 0.0351 
15 0.5 108.2 758,9 14.75 0.0339 
44 0.5 41,8 899,7 14.25 0,0328 
:i6 
72 
From the plot of mean concentration against time the entering 
liquid conoantration is found as shown in Figure V:2b. The driving 
force for mass transfer in this case is the entering liquid 
concentration minus the interfaoial liquid ooncantcation, The rate 
at which the gas is desorting is known and is again converted to 
vt - 't+d.t  26 j1 - 	 5:17 at 	Z298x 70 
The above results are shown in the table below. 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone. Force Duorp. 
Cone. 
cos,/co, 008,/co t  acs,/co, eos/eeo 
0.0405 0 00249 0.0156 0.0095 
0.0392 0.0252 0.0140 0.0083 
0.0378/ 0,0255 0.0123 0.0077 
0,0362 0.0258 0.0104 00060 
0,0346 0.0261 0,0085 0.0043 
0 0 0334 0.0263 0.0069 0.0033 
A plot of driving force agint rnte of desorption is then made 





Consider the diagrams plotted, in Figures VI:]. to VI:3. Figure 
VI:l illustrates a typical absorption run and Figures VI:2 and VI:3 
illustrate tyoioal desor - tion runs. The entering and interfacial 
concentrations are plotted against time, the concentration unite 
being arbitrary, 
After time t in Figure VI :1 the driving force for mass transfer: - 
(Cj Co)a Cl 	 6:1 
I 
After time t in Figure VI:2 the driving force for mass transfer:-
(C - Ci)b 	Cl 	 6:2 
'I 
After time t in Figure VI:3 the driving force for mass transfer:-
(C0 - Cj)0 = Cl 	 6:3 
	
(Ci Co)a = (C0 - Cj)b where (co ) a = (Co )i, 	 6:4. 
and (c - co)..= ( a0 - Cj)0 where (Cj)5 = (Cj) 0 	6:5 
Equation 6:4 is illustrated by comparing absorption in run 
C/12/1/T, Figure VI:4., and desorption in run C112/21T, Figure VI:5. 
As can be seen from both the theoretical and actual grahs it is 
perfectly possible to have:- 
(Cj 
- Co)a = (Co - Cj)b where (GO), A (C0 )i 6:6 
and (Cj - Co)a = (C0 - C-j)0 where (Cj)a  / (Cj)0 6:7 
Thus, although the driving force for absor7tion and desorption is the 
same, the degree of saturation of the liquid need not necessarily 
the same in each case. In this experimental progreame it is intended 
to slot driving force against the rate of absorption and desorotion. 
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are equal, conditions are not exactly alike. In a few oases it can 
be that (CO )ab 5 - (Co )deg or (Cj) 	- (Cj)de$ for two points in 
the run. Therefore, by conditions being alike during absorption and 
desorption it means that the liquid flow rate and pattern in the 
absorption unit are the sie, the gas flow rate is the same and the 
driving force for mass transfer is equal and opposite. If the above 
assumptions are correot this will yield the equation:- 
II a x' (c 	 r' (C0 	 6:8 
If, however, the rate of absorption and desorption depend on the 
degree of saturation of the liquid Equation 6:8 will beoome:- 
N = K' J(c) (Cj - 	= K" (C) (c - Cj)de5 	6:9 
where (c) is some term dependent on the degree of saturation of the 
liquid. 
It equation 6:8 is true, than the rates of absorption and 
desorption plotted against the driving force will be a straight line 
relationship. For absorption and desorption to be alike K' • K". 
If Equation 69 is true the plot of absorption and desorption will 
not be a straight line relationship. 
Presentation of Results, 
Ideally the results of the absorption and desorption runs should 
be plotted as shown in Figure 111:6. In this graph the rates of 
absorption and desorption are plotted against Cj - Co for complete 
reversibility. So that absorption and desorption could be compared 
directly the rates of absorption and desorption are plotted against 
driving force • The experimental results are plotted graphically 
in Figure VI:7 to 111:12. The theoretical results plotted on the 
graphs may be found in Appendix II. From the experimental points 
best straight lines were fitted. by occaputer as shown in Appendix IV. 
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FIG. VI:6  
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•iSIOi OF R.iiL'iS. 
:) Absorption and desorption of carbon dioxide in water flowing 
cvur a sphere. 
As can be seen visually (Figs. VI:7 to VI:9) the relationship 
found between the rates of absorption and desorption plotted against 
driving force is a straight line passing through the origin. This 
fact is confirmed when the best straight line fits are worked out by 
computer, giving a small statistical, error (Pages 95-97). Therefore 
the rate at which the gas absorbs and desorba is directly 
proportional to the driving force (Equation 6:8). 
The most important result obtained was that there was a definite 
difference between the rates of absorption and desorption when 
carbon dioxide absorbed in or desorbed from pure water flowing over 
a sphere. R1ning  the graphs (Figs. VI:7 and VI9) it on be 
seen that the rate of desorption was aptroximately 10,9 higher than 
absorption and as the experimental, error was of the order of 2% this 
result is significant. 
The results can be siemaarised as follows: - 
With pure water the rate of desorption is greater than 
the rate of absorption and both rates are higher than 
predicted by Cullen and Davidson's theory (11). 
With the addition of N-Hexanol the rate of absorption 
equals the rate of desorption and both rates are slightly 
lower than predicted by Cullen and Davidson's theory. 
With the addition of Teepol the ratO of absorption equals 
the rate of desorption and both rates are considerably 
lower than predicted by Cullen and Davidson's theory. 
No satisfactory explanation could be fund for the fact that the 
rate of desorption was higher than the rate of absorption as found 
in case (i), 
314b 
izicb' the zituaviva in general as shown in Pig. VI:13 at some 
L 	 I. t43LU 10 
to 1-1 
24 
htltlIOUt relying on any specific theory of mass transfer, it will 
LxoraUy accepted that in absorption the solute gas molecules:- 
''.ss from the bulk gas phase to a zone in close proximity to 
interface. 
-3s through this zone by some process, normally consider 
ffusive, but possibly affected by the gas phase flow. 
A the liquid surface whic h will be in a condition 
fined by the hydrodynamics of the liquid flow over the 
here and may be affected by surface active agents. 
- ach an equilibrium at the interface, 
,) pass through a zone of liquid close to the interface where 
diffusive effects can be expected and which will be affected 
by the liquid. flow. 
6) reach the bulk liquid, in this case limited by the depth of 
liquid flowing over the sphere. 
These conditions one supposes to hold over the whole surface of the 
sphere, though they will be affected, for example, by end. effects. 
In desorption the above sequence must be observed but in reverse. 
12 	• 
Clearly in any case whore the rates of absorption and dsorption 
ølfc 
are not equal, then one or more of the above steps must be affected 
by the direction in which transfer takes place. Considering each 
step in turn from this point of view it can be seen that some of the 
above effects can be e1i-min,tted.e Any step which is not reversible 
must also be rate controlling to cause any difference between the 
rates of absorption and desorption. 
No evidence has been found showing that bulk diffusion is 
irreversible, therefore steps 1) and 6) can be eliminated. These 
steps can also be elim(nted from the point of view that bulk 
diffusion is not rate controlling. It has been demonstrated (207) 
that even with very dilute gas mixtures, using a carbon dioxide 
water system, the gas phase resistance in comparison to the liquid 
phase resistance is less than 0.01%. Step 2) can therefore be 
eliminated. From the results obtained when the surface active agents 
were adod, giving equal absorption and desorption rates, it appears 
that the effect causing the differeno e in rates must be located 
either at the interface or within the liquid zone at the interface. 
This means that the factor causing the irreversibility must be 
located, in either step 3), 4) or 5). 
Consider step 5) in which the solute molecules diffuse either 
from the surface to the bulk of the liquid phase or from the bulk 
liquid, phase to the surface • It has been suggested by Onda ()f2) that 
the diffusivity of carbon dioxide in water is a decreasing function 
of concentration which, in practice, means that the rate of 
dasorption 
is higher than the rate of absorption. This means that Equation 6:9 
tru: - 
(Ci" Co)aba n r5(c) (C0- Ci)de 	6:9 
 tained that:- from the results ob 
riii fu;ct:5on 
of concentration confirming the results of Tang and Welblau (60) 
and Patterson (44). When surface active agents are added the rates 
of absorption and desorption are lowered, thus, if dissolved, carbon 
dioxide decreases the surface tension of the water this will cause 
changes in the liquid film thickness which will in turn cause the 
flow pattern of liquid over the sphere to vary. This difference in 
hydrodynamics might therefore explain the irreversibility. There is 
evidence (74.) that carbon dioxide dissolved in water decreases the 
static surface tension, but Linton (73) found that carbon dioxide d. 
dissolved in water had no effect on the dynamic surface tension and 
as shown in Appendix (iii) any such changes would have to be large to 
cause appreciable changes in liquid film thickness. Another 
possibility is that reaction occurs between the carbon dioxide 
molecules and the water. This would., however, enhance absorption and 
inhibit desorption which is the opposite to what was found 
experimentally and it has been pvovo& that virtually no reaction 
occurs between carbon dioxide and water (29). The above factors 
eliminate step 5) as a possible reason for the irreversibility, 
leaving steps 3) and 4). 
Step 3) cannot be trul,r reversible as during absorption gas 
molecules pass from the gas zone at the interface and are "adsorbed." 
on the surface. The rate at which the solute gas is "adsorbed." 
depends on the area available and the partial pressure of the solute 
gas in the gas phase. During desorption the solute molecules pass 
from the liquid zone to the surface and the rate at which they are 
"adsorbed" depends on the concentration of solute gas in the liquid 
zone and the available area. As the gas in gas molecules are much 
more mobile than gas in liquid. molecules (by simple comparison of 
gaseous and gas in liquid diffusion) and as stated earlier the rate 
of mass transfer of solute gas is entirely liquid film controlled, 
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absorption and desorption would. be  equal but this was not found. 
The difference in rates might therefore be due to one or more of the 
roentioned factors. 
(ii) With the addition of N-Hexanol the rates of absorption and 
desorption are equal but slightly lower than predicted by Cullen and 
Davidson' a theory. 
The rates of absorption and desorption are equal as would be 
expected but In this case the rates are slightly lower than predicted 
by theory. With the  addition of surface active agents, ripple 
formation will be suppressed and the liquid surface will correspond 
more closely to the liquid surfaoe conditions of the liquid flowing 
over the sphere when Cullen and Davidson oond3loted their 
experiments. 
The slight reduction in the rates found as oompared to theory is 
probably due to a small stagnant layer end effect building up 
at the 
bottom of the sphere - 
(iii) With the addition of Teepol both rates are again equal 
but considerably lower than predioted by theory. The same argument 
as above is presented for the fact that the rates are equal. As the 
rates are considerably lower than predicted other factors must be 
inhibiting both absorption and desorption. Two possible explanations 
are advanced. One is that in this case the larger size and shape of 
the molecules gives them the ability to "stack" to a greater extent 
and thus fore a higher stagnant layer and effect. Another 
possibility was postulated by Stewart (58) in which he advanced the 
theory that as the Teepol molecules were large and complicated they 
took a finite time to diffuse to the surface as compared with 
N-He*aflol and in so doing interfered with the movement of the 
dissolved carbon dioxide molecules. Both the above factors could 
therefore suppress both the rates of absorption and desorption. 
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step 3) during absorption cannot be rate controlling but it can be 
durin desorption. 
There now remains step if) for which there are three 
)ossibilities : - 
The interface is at equilibrium. 
The interface is not at equilibrium. 
a) The equilibrium of the interface is somehow changed during 
absorption and desorption. 
If case a) is true then the absorption and desorption rates 
should be equal and opposite from the equilibrium point of view. If 
case b) is true the rates of absorption and desorption need not 
necessarily be equal as the departures from equilibrium need not be 
the some during absorption and desorption runs. It is, however, 
generally accepted that equilibrium exists at the interface when 
interphase mass transport occurs but Sohrage (1 44) referring to the 
reduced pressure rectification experiments of Berg and Popovac (5) 
o laiined that interfacial resistance was oonsiderable • In this case 
as the solute gas was a relatively dilute mixture it could have the 
same effect as a reduced pressure experiment. Sohrage, however, 
could not definitely prove his claims. Nusselt (41) also questioned 
the validity of the assumption of interfacial equilibrium and 
Aokenaenn (1) reported that a study of the payo)meter had definitely 
established the existence of appreciable departures fr equilibrium 
at the interface during mess transfer processes. In general 
interfacial equilibrium is assumed to exist at an interface during 
mass transfer processes. In case a) the interface can be at 
equilibrium but the equilibrium can be changed and thus although the 
interface can be at equilibrium during both absorption and desorption 
the relative rates can be different due to this o hange. The 
argument presented below might explain how the equilibrium can be 
85b 
changed.. 
Consider the hydrodynamics of the liquid. surface. The gas and 
liquid are in countercurrent flow which in some conditions might 
lead to wave formation at the surface and some energy will be 
destroyed. resulting in local heating of the liquid. surface. Although 
no ripples were 
 visible when the experiments were conducted., it is 
possible that they were so small as not to be visible to the naked. 
eye. During absorption the surface will also be heated duo to 
"adsorption" of solute gas mo
lecules whereas during desorption local 
cooling will occur. As can be seen this local heating and 
cooling  
of the surface might cause a shift of equilibrium 
during absorption 
and desorption. 
In light of the above arg*ents it can be seen that it is 
possible to have a difference in rates due to three factors: step 
3) 
is rate controlling during desorption; the interface is not at 
equilibrium; the equilibrium is chane& during absorption and 
..esor7tiOfl. These factors, however, couldd, not be proved. 
Let us now consider the results obtained in light of the above 
arguments : - 
(i) With pure water the rate of absorption is lower than the 
rate of desorption but both rates are higher than predicted 
by Cullen 
and 	 theory. 
La both rates are higher than -retiote& by theory some factor 
must be enhancing mass transfer. In this experimental programme the 
gas and liquid are circulated counterourrentlY 
whereas Cullen and 
Davidson kept their gas phase stagnant. This enhancement could 
therefore be due to the increase in area of the liquid surface if 
n5l1 ripples are formed and also due to the increase 
in mobility of 
the gas in 1iuid molecules due to turbulent ecl&y diffusion. As the 
t 	be cyectecj tht the rtes of 
8d. 
B) Absorption and desorption of carbon dioxide in liquid flowing 
through a sunil packedl column. 
xtning the graphs in Figs. VI:U and VI:12 it can be seen 
that there is a wide scatter of points allowing 
no conclusions to be 
drawn. The scatter of points was thought to be due to the large 
entrance and exit effects in comparison to the absorption and 
desorption in the packed section. Variations in the wetting of the 
paoked section might also have played an effect. When using packed 
towers it is obvious that many precautions must be 
taken before 
significant results can be obtained. 
L2 
C0CW3Z0NS. 
The main purpose of the eZperinental progro was achieved 
in that an apparatus was developed for measuring the rates of 
absorption and desorption of gases in liquids. 
Desorption was found to be 1O higher than absorption for 
liquid flowing over a sphere. No theoretical explanation 
could be found to explain this difference. 
When surface active agents (0.1 N-'Hexnnol and 0.1 Teepol) were 
added to the liquid the rates of absorption and desorption 
were found to be equal, for liquid flowing over a sphere. 
4.) Rates of absorption and desorption with surface active agents 
present were lower than those for pure water. 
With both pure water and water plus surface active agents, 
the rates of absorption and desorption were higher than the 
rates predicted. by Cullen and Davidson's theory. This 
difference in rates was thought to be due to interaction 
between the circulating gas and the liquid. as Cullen and 
Davidson measured the rates of absorption with the gas phase 
stagnant. 
No definite conclusions oould be made comparing absorption 
and desorption in the mall packed column because of the 
scatter of points. 
The rates of absorption and desorption were directly 
proportional to the driving force. The rates are therefore 
independent of the degree of saturation of the solvent. 
gumni-0-  FOR LLn-a kam, 
In the series of experiments oonlucted only a wetted sphere 
and a mnall paoked col umn have been used to oonpare the rates 
of absorption of carbon dioxide in water, thus a jet and 
wetted wail oohtnn can still be used., 
As the apparatus has been built to study any gas—liquid 
system other solutes and solvents can be investigated provided 
they do not attack the materials of oonstruotion of the 
apparatus. 
It would be interesting to investigate an aoetrlene-water 
system as the entering liquid concentration can be analysed 
by u/v light absorption. This would act as a complete chock 
on the entering liquid. concentration. 
1) It would be interesting to make some measurements of liquid 
film thickness, during absorption and desorption runs when 
the wetted table tennis bail absorption unit is used, to find 
if any sinifioant changes in film thickness oould be 
detected. This could be done by a oapaoituneter. If any 
difference was found in the film thicknesses this might help 
to explain the difference found between the rates of 
absorption and desorption. 
i2ROR INT.tODUG1D BY Ai P4i IN TIE 	tJLTINC. WATER, 
At the start of a run the oirculatting water is at equilibria 
With air at 765.4zn. and 2960X. The water is then exposed to a 
carbon dioxide-air mixture. This means that the partial pressure of 
the air drops, hence a wc.31 volume of air will desorb Lo allow the 
air in the water to reach equilibrium with the carbon dioxide-air 
mixture. 
Consider run  A/10/3/T as an example. This example chosen is one 
which will give the maximum error as the volume of carbon dioxide 
present at the end of an absorption is a maximum. 
Original proure of CO2 free air a 765.4am. 
• 	p.p. of 02 a 	0.21 x 765.n. 
; p.p. of N2 a 	0.79 x 765.4. am. 
L3 . 2G At the end. of the absorption run the p.p. of CO2= 1210-2 .- x 765.4 
a x 7654. 
Therefore the drop in p.p. of the air between the start and end of 
a runt- 
a 765.4 .' (765.4. 	x 765.0 
113.5 
- 	z 765.4znzn. ll 
By Henry's Law the volume of 02 released can be found:.' 
p a H 
0.21 x 113.5 765,4. 	13x 
1134. 	
Z 	 a 
I a 4.01 x 0.23. x 1l3.5_x  765, moles 02 
0.24.ocs. at working tamp, and press. 
Sirnilarl,y N2 released a 0.4.500s. 
ti, 
Therefore total vo]ire of sir aegorW • 0.6900e. 
Thretore or in rite aoasursnte will be 	z 20 low. 
• 2o63% 3m, 
*7 e. similar mrSment the error 000'iring during desorption 
- 0.6% low. 
As the exonpie abosen to illustrate this error was the run in 
whioh there was the greatest differense in the partial pressure of 
the air, the error will be a nYtt. Thea the aaxin' cxparin.ntel 
error beWeexi absorption and dusorption is 2%. Therefore mW 
dUfaz'ense found between thereto. at absorption and deeorption whiab 
is greater than Zip will be aign.Wtoant, 
l
,  NO - 
Evaluation of Theoretical Absorption Rates of Gap into Ltqujd 
Flowing over a Sphere. 
Cullen and Davidson (U) derived two equations for the absortion 
of gases into a liquid flowing over a sphere 
I 	 I 
= (12 x i.68) (2wg/3v) D L 	(Cj - C) 	 [i 
00 
G_L(Cj_ CO)  [1_ ,bjexp(_P'ø] 	 [21 
The authors reoomnend that equation [2] should be used in preference 
to equation f13 -ihen the liquid concentration exceeds IeOJ of the 
saturation value • As the rate measurements in this experimental 
progre were taken tov;ards the end of a run, when the liquid 
saturation exceeded. 40% equation (2] was ado'ted. Equation 2 by 
a series solution and substituting the eigenvalues quoted. by 
Pigford (4.6) in preference to those of Vyazovov (65) becomes:- 
GmL(Cj_ CO ) [1_.b 1 op(_f3C)] 
'- ii 
L (Cj - C0 ) 1 - 0.7857 exp( - 3.434ø) 
- 0.1001 exp( - 26.210c) 
- 0.03599 exp( - 136.59t) 
where o' 	2 x 1,6877(2 ,i&/3) I " /L 
valuation in the fora C - LK(Cj C0 ) Gives:- 







EFFECT OF SURF.-',.CE TENSION CHANGES ON LIQUID FIL( iieas FLOWIMG 
OVER A SPHERE. 
Consider the diarun above as a representation of one point on 
the sphere. With a liquid flow rate V in both oases calculate 
(film thickness) for:- 
No surf aoe tension gradient. 
4J 	a - constant. 
Equation of motion in x direotiori:- 
b 	___ - + /1 j + e sin c( 	0 
but JZ0 
fr ay & + e  sin as - 0 
Integrating:- 
+egsincy + C,.J • 0 
+ 	sing Y + C1y + 02 • 0 
For all cases T  - 0 at y - 0 
C2 • 0 
vx • _agsinI(y2 + Cy 
Case (a). 
- 	0 at y = a (free surface boundary condition) 
o 	1-gesinu( 	+ C 
in 
ye 
C - 	sinJa 
yx - -& eg 	+ eg 8iflO&Y 
Therefore the flow rate aoross width I:- 
V - W.)Vdy 
+ fegsinuS ' 
- .—e g  s.flaLS a 
31 1 	1/3 
= Wg atno) 
Case (b). 
ir 
+ dx - 0 aty - Sb 41 y
+ g8ifl*Ly 	1zC + dx 
C 
- 	g sin db 
ax 
- )1 Leg Bifl 	
z in.i 	I 
	
+ P U 
+ u'dx 
Therefore the flow rate aoross iiath W:- 
r 1 b 
V 	WJ 0 VxÔ?J 
3 
g Sirbj Sjb 
+ W e g AWL & 	s  
+ 2 
AY 
V 	(egsin.LS + 
As the flow rate in both oaaes are the sae- 
e g juL £ - 	e g 	+ 	irs: 
2J1 • dx 
A 1 3 
'Tsindxb - 0 
oi1 	the here 
shows that there must be a considerable change in surface tension 
gradient to cause a small change in film thickness. 
C, V 
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A?PNDhX IV - 
BEST STIAIGllT LINi FIT FOR XPERI3II'.AL J'OINTSIL 
The theory below is given by Guest (77). 
Equation of best straight line ist- 
	
YL 	mxt + Si 
where Si is the error in the i point. 
Choo3e in to aininise S 
- 
i)2 ] - 21Yixi1 













1 7?j 	IEyi - m 
_Xi 
- ±In_ljJi_m I 
A ocmputer pro gruio was written applying the above theory to 
the experimental points. The results are shown on the following 
pages. 
7;, 
pure Water at 8.0 litres/hour, on a wetted table-tennis ball. 
ABSORPTION 
The host straight ha, fit is Y - 0,3081 X 
Standard deviation = 0,000284 
Irror in a is plus or minus 0,0279 
D8ORPTION 
The bait straight line fit is Y - 0.5636 I 
Standard deviation a 0 9000412103 
Irror in a is plus or minus 0.1162 
pure Water at 9.0 litres/hour, on a wetted table-tennis ball. 
ABSORPTION 
The bait straight liiie fit in Y a 0,5537 X 
Standard deviation a 0,000210 
Xrror in a is plus or aiirns 0 00240 
SORPTION 
The best straight line fit is y a 0,6100 x 
Standard deviation a 0,000155 
arrow in a is plus or minus 0,0447 
Pure Water at 10,0 litres/hour, on a wetted table-tennis ball. 
ABSORPTION 
The bait straight line fit is Y - 0,3775 I 
Standard deviation a 0 9 000405 
grror in a is plus or ainus 0,0441 
SORPTION 
The best straight line fit is Y a 0,6328 1 
standard deviation= 0,000473114 
Irror in a is plus or sinus 0,1865 
LJr 
0,1 per omit $4(.xaaol at 8,0 litres/hour s an a vatted tsbls-t.ania ball, 
!! TTW1 
The bait straight line fit is Y a 0.3796 x 
Standard deviation= 0.000199 
Irror in * In plus or minus 0.0140 
EMSORMCM 
The best straight 11*a fit is T a 0.3846 K 
Standard deviation= 0.000175 
Srror in a is plus or minus 0.0534 
0,1 par onat $-M.xanol at 100 1itr../boar, on a wetted tabls-t.nnis ball. 
A8$0*PTIGSI 
The bait straight une fit In Y - 0.4355 1 
Standard deviation= 0.000336 
Irror in a is plus or ainua 0,0300 
lam 
The bait straight line fit is y = 04309 K 
Standard deviation - 0.000333 
Irror in a is plus or minus 0.0655 
0.1 per cent X41,wuiol at 12.0 litrss/hour, on a vatted tabl..t.nais ball. 
TTT14 
The bait straight line fit is y 	0.5123 I 
Standard deviation a 0.000199 
Xrror in a is plus or minus 0.0041 
zap 
Tb. best straight Use  fit is Y a 0.3074 K 
Standard deviation a 0.000230 
Irror in a is plus or sinus 0.0582 
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0.1 per cant Te.pol at 8,0 litr.s/hour, on a wetted table-tennis ball, 
ABSORPTION 
The but straight has fit is Y • 0,3221 1 
Standard deviation - 0.000339 
Error in a is plus or sinus 0,0159 
ngsoRprIolq 
The but straight liiie fit in Y - 0.3223 I 
Standard deviation a 0.000184 
Error in a is plus or sinus 0,0443 
0.1 per cent T.pol at 10.0 litres/hour,, on a wetted tabl.-tunis ball, 
ABSORPTION 
The but straight line fit is y • 0.3829 1 
Standard deviation - 0,000214 
Error in a is plus or sinus 0,0135 
SORPTION 
The but straight ha, fit is Y a 0.3796 1 
Standard deviation - 0,000179 
Error in a is plus or sinus 0,0388 
0,1 per cant T..pol at 12,0 litras/hour, on a wetted table-t.nnts ball, 
ABSORPTION 
The bait straight ha, fit is Y a 0.4327 I 
standard deviation - 0,000192 
Error in a is plus or minus 0.0134 
DESORPTION 
The bait straight lilt, fit is Y a 0,4331 1 
Standard deviation a 0,000177043 
Error in a is plus or sinus 0.0214 
REIULTI 
TABLE A 
Vol, Mg Manoa.t.r 	Readings Pressure Baroaster Correction 
Added Difference Level factor 	I 









30 32.854 54,469 -1.615 2.954 67,400 0,97588 
40 52.345 54.993 -2.648 3,978 66.684 1.48331 
Drop in Correction Total Cci', Corrected Total Voluas of 
Mg. Level 
In Limb A 
factor 2 Factor Volua. Pressure Gas Side 





































54.330 52.987 	1.343 
53,816 	+0,312 








6° 52.738 54,588 -i,80 3,193 67,221 1.10274 
Drop in 
Hg, Level 































Total Volume of System - 1457009. 
Voluas of Gas Side - 767cc., 
Volua. of Liquid lid. 
by Addition of Water a 270cc.. 
Volum. of Absorber 	- 240008. 
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Presentation of Ms Transfer Results, 
Nwh run is headad in the form:- 
A/8/31T 
where £ - Pure Water. 
B - 0.1% N-Hexanol. 
C - 0.1% Teepol. 
8 - Indicates the Liquid Flow Bate ltrs ./hr. 
1 - Nianber of the Run. 
T - Wetted Sphere Absorption Unit. 
P - Packed Column Absorption Unit. 
Circulation Times, 
Flovi Rate 	 Type of Unit 	 Circulation Time 
ltrs./hr. sees, 
	
8 	 Wetted Sphere 	 175 
9 	 154. 
10 	 340 
12 	 116 
10 	 Psokod. Co].t*nn 	 136 
12 	 113 
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RUN A/ 8/1,'? 
LIQUID XMAKWM 8 ltrc,/hr, & P - 12.456... 
I$ YOTAKLIMR 	8o ltra/hr. P +P • 89.996... 
YOL, CO2 C*IQIXALLY - 117.5009, 
L. CQa AT MD OF A&. RUN - 95.50Cc, 
WIL. CO2 AT WART OF MS. IUIN - 33.8cc.. 
AHSORPflON, 
Total Vol. Inor.a'l Tim to Acaun. Average Vol, Mean Cane, 
Added Vol.Added 	Dissolve Tin. Added of 0.. in 
Liquid 
aos 0., soon, a.ea cci, sos/co. 
397.6 
13 1 43.0 44o,6 1 3.5 0 -0357 
16 1 5o.8 491.4 16,5 00380 
17 09 5 26,9, 518.3 17.25 0.0397 
17.5 0.5 31.9 530,2 17,75 0,0408 
18 0.5 36,4 586.6 125 0.0420 
18. 0.5 39 ,7 626.3 1,73 0.0431 
1c) 0,5 430 669.3 19.25 0,0443 
19,3 03 47 ,5 716,8 19.75 0.04 
20 0.3 52.3 769.1 20.2 0,04 
20.5 05 59,0 828,1 20.75 0,0477 
21 0,5 6,6 893,7 21.25 0.0489 
21,5 0 05 742 967,9 21,73 0.0500 
2206s, Di ssolved 
Iitt.ring Interfacial Driving Rate 	' 
Liquid Liquid Cone, Force Abaorp, 
Cone, 
caa./oo *  oae,/qo oc.,/ac, co.,/s.c 
0.0389 0.0435 0,0245 0.0125 
0.0406 0.0632 0,0226 0,0116 
0.0421 0.0629 0,0208 0,0107 
0.0435 0,06z6 0,0191 0,0097 
0,0448 0.0623 0.0175 o.0088 
0.0460 o.o62o o.oi6o o,008 
0.0475 0.0617 0.0142 0.007 
0.0488 o,o614 o,o126 o,006rz 
100 
aus A/ 8/l/T 
















18.5 0 05 319.3 18.25 0 00420 
18 0 65 42.0 361.3 17.75 0.0408 
17,5 005 474 408.7 17,25 0.0397 
17 0.5 487 457,4 16.75 0.0385 
16.5 0.5 55.5 512.9 16.23 0.0374 
065 60,3 573.2 15.73 0.0362 
15.5 05 77.5 650.7 15.25 0.0351 
15 0,3 108.2 738.9 14.75 0 00339 
14.5 0.3 141,8 899,7 14.25 0.0328 
Entering Int.rtaoisl Driving Rat. of 
Liquid Liquid Cone, Fore* Dssorp 
Cone. 
ocs./aa. 005,/ac. Gas/ac, ooa,/asc 
0,0405 0,0249 0.0156 0,00c 
000392 0,0252 0,0140 0.0083 
0.0373 o,o2 0.0123 0,0077 
0.0362 0.0258 0,0104 o.006o 
o,o6 0.0261 0.0085 000043  
0.0334 0.0263 0.0069 0.0033 
101 
RU)! *1 8/2/? 
LIQUID ROTAEUR 8 ltra,fhr. 	 AP - 13-876m-  
GAS ROTAICMR 	80 ltrs,/hr. P +fP a 90.416... 
VOL. CO2 ORIGIXALLY = 128.9008. 
VOL. CO2 AT END 01 ABS. RU)! a 105.9005. 
VOL. CO2 AT START 07 DES. RU)! a 37,5005• 
ABSORITIOK, 
Total Vol. Inor..'l Ti.. to Aoou*, Average Vol. Mean Cone, 
Added Vol ,Added Diaaol'v. Ti.. Added of Gas in 
Liquid 
005, COR E $S0I. SCOB, CCC, 
490.6 
17 1 52.1 542.7 17.5 0.0403 
18 0.5 35.9 568.6 18.25 0 00420 
18. 0.5 2,8.2 596.8 18.73 0.0431 
19 0 0 5 29.4 626.2 19.25 0 00443 
19.5 0,5 33.4 659.6 19.75 0.04 
20 0,5 34.3 693.9 20.25 0.04 
20,5 0.5 36,8 730.7 20.75 0.0477 
21 0,5 40.8 771 0 5 21.25 0.0489 
21.5 0.5 44.3 815.8 21.75 0,0500 
22 0.5 50.8 866.6 2225 0.0512 
22.5 0.5 57.0 923,6 22.75 0.0523 
ZIocs, Dissolved 
Entering Interfacial Driving Pat. of 
Liquid Liquid Conc, Force Absorp, 
Cone, 
005,/cc, ace Joe, 005,/co. ocs,/..c 
0.0425 0,098 0,0273 0,0138 
0.0439 0.0695 0.0256 0,0134 
0,0452 0,0692 0,0240 0.O.25 
0,0465 0,0689 0.0234 0.0113 
0.0479 o,o686 0.0207 0.0104 
0 00493 0.0683 0,0190 0.0092 
0 ,0508 0,0680 0 -0172 0,0081 
RUN A/ 8/2/? 
DUORPI' 1011 
Total Vol, Inor.a'l Time to AcCum, Average vol. Mean Cone. 
Added Vol, Dssorb Time Added of Oaa in 
Withdrawn Liquid 
ace, cee, sees, ucs, can, cos,/eo, 
302,6  
20 0 0 5 36,8 339 ,4 19.75 0.0454 
19.5 0,5 41.5 380,9 19.23 0.0443 
19 0.5 44.0 424.9 18.75 0.0431 
18.5 0,5 48,7 473.6 18,25 0 0 0420 
0.5 55.2 528,8 17.75 0.0408 
17.5 0.5 61,8 590,6 17.25 0.0397 
17 0.5 68,6 658,6 16.75 0.0385 
16.5 0.5 83.3 7419 16,25 0,0374 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono, Force D.sorp, 
Cone, 
'e's,/oc, coe • /co can *  400, ace,/sea 
0,6437 0.0269 0,0168 0.0094  
0,0273 0,0273 0.0152 0,0083 
0,0413 0,0276 0.0137 0.0074 
0.C39 0,0279 0,0120 o.00bB 
0.0384 0,0281 0,0103 0,0055 
RUN Al 8/3/'I' 
LIQUID 1U)TATZR 	8 ltrslhr. h.P 14.0460a. 
GAS RMAIMTZR 	So ltra,/hr, P +AP - 90,586aa. 
VOL, CO2 ORIGINALLY 129.9cc.. 
VOL. CO2 AT EN]) OF ABS. pj 	105.9008. 
VOL. CO2 AT START OF 	S. RUN - 37,5008, 
ABSORPTION. 
Total Vol, Incr.ui'l Time to Accua, Average Vol. 	Mean Cone, 
Added Vol,Add.d 	Dissolve Tim Added of Gas in 
Liquid 
cos, cog, seas, s•as, 008, oci,/ce, 
487.4 
1 51,8 539.2 18.5 0,0428 
19 0,5 27.3 566.5 19.25 0.0443 
19,5 0,5 29,1 595.6 19.75 0,0454 
20 0.5 32.2 627,8 20.25 0.0466 
20.5 0.5 33 , 9 661,7 20,75 0.0477 
21 0,6 461 707.8 21.3 0 6 0490 
21.6 04 32,8 749,6 21,8 0,0502 
22 05 43.8 734,4 22,25 0,0512 
22.5 0,5 48.4 832.8 22,75 0.0523 
23 0 0 5 52,9 885,7 23,25 0,0535 
23.5 0 0 5 61,5 946,2 23.75 0,0546 
24cc., Dissolved  
Kntering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp, 
Cone, 
oos,/cc, oc.,/ca, oo.,/ca, cos,/sea 
60428 0,0703 0.0275 0,01 
0.0445 0.0700 0.0255 0.0136 
0,0460 0,0697 0,0237 0.0120 
0.0471 0.0694 0,0223 0,0112 
0,0434 0.0691 0,0207 0.0105 
0.0500 0.0688 0,0188 0,005 
0.0513 o.o685 o.oi72 0,0087 
0,0528 0.0682 0,0154 0.0075 
RUMA/ 8/3/T 
Total Vol, Inoxo&l Time to Aooua, Average vol. Moan Cone, 
Added Vol. Demorb Tia. Added of Gas in 
Withdrawn Liquid 
OCR, CCC. $05, CCCI CO.. 001./CC, 
260 -7 
21.5 0,3 30.6 291.3 21.25 0.0489 
21 0,5 316 322 09 20,75 0.0477 
20.5 0 0 5 36.0 358.9 20.25 0.0466 
20 0.5 405 399.4 19.75 0.0434 
19.5 0,5 42.5 441.9 19.25 0.0443 
19 05 461 488.0 18.75 0,0431 
18. 0.5 47.5 18.25 0 0 0420 
18 0.5 54.3 589,8 17,75 0.0408 
17,5 0,5 66,5 655.3 17.25 0.0397 
Ent.ring Interfacial Drivir Rat* of 
Liquid 
Cone, 
Liquid COht • ?oDtó D68orp, 
ao.,/oo, oa.,/oc. oo.,Joo, 00./s.c 
0,0478 0,0367 0.0311 0,01 
0-0101  0.0464 0,0370 0.0194 
0,0452 0,0273 0.0179 0,0100 
0 00439 00277 0.0162 0,0095 
000425 0,0280 0,0145 0,008 
0,0410 0.0283 0,0127 0,0069 
LICIA 
RUN A/g/ 1/? 
LIQUID wYrAnR 9 ltxa,/hr. 	 P - 12658gca. 
OAS Wfl'AMRTZR 	90 ltxs./hr, P + P - 89. 1290n. 
VIOL. CO2 ORIGINALLY - 118.40... 
., cm AT xxD OP ABS. IUJN - 96.400.. 
CD2 AT START (W DU, RUN - 34.1cc.. 
ASBOKPflON. 
Total Vol, Iuor.a'l Time to A.co. Average Vol, Moan Caoc, 
Added Val ,Added Dissolve Tim Added of Gsa in 
Liquid 
00$, 00S • $SOR • 1501, CC$ • aoi/cc, 
401.4 
15 1 45.1 446,5 15.5 0,0357 
16 1 53,8 500,3 16.5 0,0380 
17 05 27.7 528.0 17.25 000397 
17.5 0 0 5 30.3 558.3 17.75 0.0408 
18 05 33.0 591.3 18.25 0.0420 
18.5 0. 627,0 18,75 0,0431 
19 09 5 37.8 664.8 19.25 0.0443 
19,5 0 0 5 41,8 o6.6 19.75 0,0454 
20 05 46,1 752.7 20.25 0.0466 
20,5 0,5 48,5 801.2 20,75 0 0477 
21 05 574 858,3 21.25 0,0489 
21.5 0.5 63.2 921.3 21.75 0.0500 
3200$, Dissolved 
Entering Interfacial Driving Rats of 
Liquid Liquid Cam, Force Abaorp, 
Cone, 
OOI./CC. 00$ /00, 001,/006 001 6 /I00 
0 0 0385 o.o&38 0.0253 0.0139 
060402 0,0635 0 0 0233 0,0129 
000417 0,0632 0,0215 0,0122 
0,0411 0.0629 0,0198 0.0110 
0.0445 :.o626 o,o18i 0.0100 
00 0459 0.0623 0,0164 0.0095 
0 0 0470 0,0620 0,0150 00031 
0,0483 0,0617 0,0132 0,0073 
106 
RUW A/ 9/1/T 
DEBORPTION  
Total Vol • morse' 1 Time to Aocue, Average vol • Wean Cone. 
Added Vol * D.sorb Time Added of Gas in 
Withdrawn Liquid 
008, sees, sees, cc., cca,/ac 
210.6 
19,5 0,5 33.0 243.6 19,25 0 0 0443 
19 0.5 36.1 279,7 18.75 0.0431 
18.5 005 394 319,1 18.25 0 0 0420 
18 0,5 41 4 5 360.6 17,75 0,0408 
17.5 005 44.9 405,5 17,25 0,0397 
17 9.5 49,0 454,5 16,75 0,0385 
16, 0,5 56.3 510.8 16.25 0.0374 
16 0.5 62,3 573,1 15.75 0.0362 
15.5 0 0 5 71.8 644.9 15.25 0,0351 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Dssorp, 
Cone. 
008,/cc, acs,/cc, ccs. ('oc. ccs,/sea 
0.0430 0 0 0243 0.0183 0.0111 
0,0413 000247 o.o166 0,0103 
000403 0.0250 0,0153 0,0094 
0,0390 0.0253 0.0137 0,0082 
0,0378 0,0257 0.0121 0,0073 
0,0364 0,0260 0.0104 0,0064 
107 
RUN A/ 9/2/T 
LIQUID Rcn'AKgTIR 9 itra, /hr. 
.S ITAMETER 	90 ltra,/hr, 
VOL. C132 ORIGINALLY = 122 ,Ocos • 
VOL. CO2 AT BND OF ABS. RUN a 99e000. 
VOL. CO2 AT START OF  UNS. RUN n  35,000$. 
ABSORPTION, 
AP 13.040a. 
P +6p - 89.580cm, 
Total Val. Incr.m' 1 Ti.. to Accum, Average Vol • Mean Cone, 
Added 	Vol,Add.d Dissolve Ti.. 	Added 	of Gas in 
ocs, ace, sacs, sees, cci, 
Liquid 
oas,/cc, 
17 1 51.9 
464.4 
516.3 17.5 0.0403 
18 0 0 5 27.3 53,6 18,25 0,0420 
18.5 0.5 30.6 574.2 18.75 0,0431 
19 0 0 5 3.8 6o8.,o 19.25 0 0 0443 
19.5 0 0 5 36.0 644,0 19.75 0,0454 
20 05 40,3 634,3 20,25 0,0466 
20.5 0,5 431 727,4 20,75 0,0477 
21 0,5 48.2 777.5 21.25 0,0489 
21,5 005 53,3 828.9 21.73 0,0500 
22 0.5 57 , 7 886,6 22.25 0,0512 
22.5 0J 64,2 950,8 22,75 0.053 
-- 	 23cc8,, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Fore. Absorp, 
Cone, 
008,/cc, cos t /ca t   oc$,/oc, 008,/SOC 
0,0412 0,0658 0,0246 0.0136 
0 - 0429 0,0655 0,0226 0.0128 
o.o62 0,0210 0,014 
O.OA5K 0,0649 0,0194 0,0107 
0.0470 0.0646 0,0176 o,00 
0.0480 0.0643 0,0163 0:0.09 
o,o 0.0640 0-0145 0,008C) 
0,0508 0,0637 0.0129 0.0072 
I 08 
RUN A/ 9/2/? 
E8ORPTItJi 
Total Vol, Incro'l Tim. to Accu, Average vol Mean Cone, 
Added 	Vol. 	fl.sorb 	Tim 	Added 	of Ga. in 
Withdrawn 	 Liquid 
con, cam, ieee, ieei, cam, co../oo, 
362.8 
19 0.5 38,8 365,6 18.75 0.0431 
1.5 0 0 5 41.6 407,2 18,25 0.0430 
18 0.5 44,0 451,2 17,75 0,0408 
17.5 05 48.5 499.7 17.25 0.0397 
17 0,5 52.3 552.0 16.75 0,0385 
0 0 5 60.7 612,7 16.25 0 0 0374 
16 0,5 70.3 683,0 15,75 0.0362 
15.5 0,5 92.1 775.1 15,21 0.0351 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Force Desorp. 
Cone,  
cca,/co, cos,/ac, ocs,/cc, Oc8,/s.c 
0,0438 0 0 0257 0,0171 0,0105 
0,0415 o.o26o 0,0155 0.0095 
0,0409 0,0263 0.0146 o,008S 
0.0390 0.0257 0,0123 0,0076 
0,0377 0,0270 0,0107 0.0063 
0.o0 0.0273 0,0087 0,0050 
- A/ 9/3/? 
LIQUID ROTAKMR 9 ltra,/hr. ALP - 14.0950*. 
GAS JI0?AMICUR 	90 ltr./hr, P +4P 90.6350*. 
VrL• CO2 ORIGINALLY - 130.3002. 
VOL. CO2 AT  Ow 07 AM. RUI4 - 105.3008, 
VOL. CO2 AT START 0? EU. RUN • 37,3001, 
Total Vol, Inox.a'l Tis. to AcouR, Average Vol. Mean Coos, 
Added Vol .Addd 	Dissolve 	Tim Add.d of Os.. is 
Liquid 
sea, oas asos soos sea, sos/os 
19 1 52.6 
484.8 
537.4 19.5 0.0445 
ao 0,5 29.8 567.2 20.25 0.0466 
20.3 0,5 32.1 599.3 20.7 o,O47 
21 0,5 330 632.3 21.25 0,0489 
21.5 05 36,6 668.9 21,75 0.0500 
22 0 0 5 39,6 708,5 22.25 0.0512 
22,5 045 43.4 751.9 22.75 0.0523 
23 05 48.0 799.9 23,25 0.0531 
23.3 05 52,3 852.2 23.75 0.0545 
24 0,5 57.6 909.8 24,25 0,0558 
245 0 0 5 71,) 981.7 24075 0.0568 
25cc. 1 Dissolved 
Entering Iutoi"faoial Driving Rats of 
Liquid Liquid Cons • Fore. Abaorp. 
Conc. 
oc.,/os. 008./co ooa,/ce, aoa,/soc_ 
0.0455 0,0700 0,0245 0.0139 
0,0468 0,0697 0.0229 o.o126 
0.0485 0,069  o.owq o.oii6 
0.0499 0,0692 0,0193 0.0106 
0,0514 o,o688 0.0174 0.0096 
0.0$28 0.0683 0,0157 0,0088 
0.0541 0,0683 0.0142 0,0080 
0-03957 o,o68o 0.0123 0.0065 
kWk 























20.5 0.5 32.7 317.4 20,25 0,0466 
20 0,5 35,8 353.2 19.75 0.0454 
19.5 0.5 39.3 392,5 19,25 0,0443 
19 0.5 42.6 435.1 18.75 0.0431 
18.5 0.5 48.8 483.9 18.25 0,0420 
18 0.5 56.9 540,8 17.75 0.0408 
17.5 0 0 5 6o.8 6oi.6 17,25 0.0397 
17 0,5 71 03 672.9 16.75 0,0385 
16.5 0.5 80,8 753.7 i6.25 0,0374 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Dssorp, 
002,;;c, 
 
coe./oO, 000./ca, 001,/8e0 
6.6453 0,0279 0.0174 o.oio8 
0.0439 0.0282 0.0157 0.0095 
0,0423 0.025 0.0138 0.0081 
0.0410 0,028 0.0122 0.0076 
0,0398 0.0291 0.0107 o.0065 
0.0384 0,0294 0 0090 0.0057 
RUN A/10/1,'T 
LIQUID R(YtANETgR 10 ltrs./hr. AP - 12,242cm, 
GAl 	AMTIR 	iou ltxa./hr, P + A p - 38.782cm. 
VOL. CO2 ORIGINALLY 115.8cc., 
VOL. CO2 AT iIWD 07 AM, iwx - 9,8ocs, 
VOL. CCU AT  ETA" OF D8. RUN 	33.2005, 
ABSCPTICfl(, 
Total Vol, Increa'l Tim. to Accun, Average Vol, Mean Cone, 
Added Vo1,Addd 	Dissolve Ti.. Added of Gas in 
Liquid 
come come -  seas, moos 00$. ocm,/ae, 
479 ,3 
16 I 52,8 532.1 16, 0.0380 
17 0 0 5 38,4 560.5 17,25 0.0397 
17,5 0 0 5 30,6 591.1 17.75 0.0408 
18 0.5 35.8 626.9 18.25 0 00420 
18.5 0,5 37.8 664,7 18,75 0.0431 
19 0 0 5 39.1 703,8 19,25 0.0443 
19.5 0 0 5 41.6 745.4 1945 000454 
20 05 47.5 792 0 9 20.2 0,0466 
20,5 0 0 5 52 93 845.2 20,73 0,0477 
21 0,5 61.4 906.6 21.25 0,0489 
21.5 0,5 70,8 77.4 0,0500 
2200., Dissolved 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cono, Force Abeorp, 
Cone, 
005,/ca, cci /00, COS,/cc, 005,/sec 
0,0392 0.0&i4 0,0232 0,0129 
0.0408 o.o621 0,0213 0.0121 
0,0421 o,o618 0,0197 0,0188 
0,0434 0.0615 0,0181 0,0111 
0.0446 0,0612 0,0166 0.0097 
0.0460 o.o6o9 o,oi 0,0088 
0,0474 o,o6u6 0,0132 0,0075 
0,0489 0,0603 0.0114 o,006 
RUW A/lO/l,'? 
.aoRPTIaI 
Total Vol • Incr.a' 1 Time to Aocu. Average vol, Moan Conc. 
Added 	Vol, 	Dssorb 	Ti0. 	Added 	of Gal in 
WithdraWn 	 Liquid 
005 001, 1001, 1000, 000, 001./00 
18.5 0 0 5 31,7 
241.9 
273.6 18.25 0.0420 
18 0,5 35,0 308.6 17.75 0.0408 
17.5 0 0 5 40 0 5 349.1 17.25 0 00397 
17 0,5 46.Q 395.1 16.75 0.0385 
16.5 0,5 49.5 444.6 16.25 0,0374 
16 0, .8 500.4 15,75 0.0362 
15,5 0.5 64.8 56512 15.25 0.0351 
15 0,5 73 , 7 638,9 14.75 0,0339 
34,5 0 0 5 85.7 724.6 14.25 0.0328 
Entering interfacial Driving Rate of 
Liquid Liquid Cone, Force D010Zp, 
Cono, 
000,/00 6  000,/CC, 001,/CC, 001,/100 
0.0404 0.0246 0,0158 0,0100 
0.0391 0.0249 0,0142 0 0 0093 
0,0378 0.0252 0,0126 0008a 
0.0365 0,0255 00110 0.0071 
0,0349 0,0258 0,0091 0,0062 
0,0337 o.0261 o,0066 °.O°M 
RUN A/10/2/T 
LIQUID ROTAMETZR 10/Its,/hr. 	 AP = 12.1030.. 
GAB RYtAXBTER IQO ltrs/hr. P +,& p - 88.6430*. 
VOL. CO2 ORIGINALLY - 130.6005. 
VOL. CO2 AT END OF ABS. RUN 105.6cc., 
VOL. CO2 AT START OP DEC  RUN  a  37.4005. 
ABSQRPTI. 
Total Vol. Increm'l Ti.. to Aacua. Average Vol, Mean Cone, 
Added Vol Added Dissolve Ti.. Added of Gas in 
Liquid 
005, CC., ..c., seos, ocs • ccs,/cc 1 
19 1 52.6 
484.8 
537.4 19,5 0.0449 
20 0,5 ,8 567.2 20.25 0.0466 
20,5 0.5 32.1 599.3 20,75 0.0477 
21 0.5 33.0 632.3 21.25 0.0489 
21.5 005 34.7 667.0 21.75 0.0500 
22 0.5 36.2 703.2 22,25 0.0512 
22.5 04 39.6 742.8 22.75 0.0523 
23 0.5 45.4 788.2 23.25 0,0535 
23.5 0.5 52,5 840.7 23,75 0.0546 
24,0 0.5 57.4 898.1 24,25 0,0558 
24.5 05 71,7 969.8 24.75 o.0569 
25ocs. Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp, 
Conc, 
can, Go, cos,/ac t  ccs,/oc, 008,/8*0 
0,0460 0,0701 0,0241 0.0139 
0.0475 0,0699 0.0224 0,0133 
0.0490 o.o696 0,0206 0.0127 
0,0501 o,o69 o.oi92 o,oi16 
0.0516 o,o690 0.0174 0*01 01 
0.0529 0.0687 0,0158 o,008S 
0.0542 0,064 0.0142 0.0030 
0,0557 o,o6Si 0.0124 o,0064 
RUN A/10/2/T 
SORPTI0N 
Total Vol, Increa'l Time to Accun, Average vol, Mean Cone, 
Added Vol, Deaorb Tie. Added of Gas in 
Withdrawn Liquid 
CCC, CCC. ••O*. ISOC, CO.. cca,/cc, 
317.4 
20 0.5 35.8 353,2 19,75 0,0454 
19.5 0.5 41.3 394.5 19.25 0.0443 
19 0 0 5 43.0 437.5 18.75 0.0431 
18.5 0 4 5 48.0 4855 18.25 0 00420 
is 0.5 51.9 537,4 17.75 0.0408 
17,5 0 0 5 60.0 597.4 17.25 0,0397 
17 0.5 71.4 668,8 16.75 0.0385 
16.5 0 6 5 106.5 775.3 1625 0 0 0374 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cono, Force Deaorp, 
Conc, 
cca./co. oc.,/oo, oea,/oc, oc.,/Iea 
0 0 0449 0.0279 0,0170 0.0107 
0.0436 0,0282 0,0154 0.0096 
0 0 0423 0,0235 0.0138 0,0089 
0.0410 0,0288 0,0122 0,0077 
0.0395 0,0292 10.0103 0.0060 
0.0380 0 . 0295 0,0085 0.0043 
RUNA /10/3/T 
LIQUID ROTAMETER 10 ltr.,/hr. 
GAS ROTAMETZR 100 1tr.,/hr,  
VOL. CO2 ORIGINALLY - 139.5008. 
VOL. CO2 AT END 07 ABS. RUN 113.5608, 
VOL. CO2 AT START OF DES, RUN - 40.4008. 
ABSORPTION, 
A P 15,2810a. 
P + AP - 91,631oa. 
Total Vol. Inor.a'l Time to Accua. Average Vol, Mean Cone, 
Added 	Vol,Added Dissolve Tia. 	Added 	of Gag in 
Liquid 
cc., ccs • 5.08, eeoc, ccs • 
437,1 
19 1 43 ,4 480.5 19,5 0,0 
20 1 46,3 526.8. 20,5 0.0472 
21 0.5 247 551.5 21.25 0.0489 
21,5 0,5 26,5 578.0 21.75 0,0500 
22 0,5 28,3 606,3 22,25 0.0512 
22.5 0,5 30,3 636.6 22.75 0.0523 
23 005 33.5 670.1 23.25 0.0535 
23.5 0 0 5 36.4 706,5 23.75 0.0546 
24 0 65 40.4 749.9 24.25 0.0558 
24.5 0,5 45.1 792,0 24,75 0,0569 
25 0,5 46.2 838,2 25.25 0.08i 
25.5 0 0 5 52.0 890,2 25,,' 0,0593 
26cc., Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Ab.orp, 
Cone. 
005,/co 1 005 9 /00. cos,/00, 008./s.c 
0.0477 0.0755 0.0278 0.0163 
0,0493 0.0752 0,0259 0.0152 
0.0508 0.0749 0.0241 0,0138 
0.0522 0,0746 0.0224 0.0127 
0.0536 0,0743 0.0207 0.0115 
0.0536 0.0743 0.0207 0.0115 
0.0549 0.0740 0.0191 0.0103 
0.0562 0.0737 0.0175 0,0101 
0.0575 0,0735 o.oi6o 0.0089 
RUN Au0/31? 
DEBORPTION  
Total Vol, Incre'l Tia. to Accu. Average vol, Vean Cone. 
Added Vol. D.sorb Ti* Added of Gas in 
Withdrawn Liquid 
OCB OC$ • ISCS, CC., coa,/co, 
403.1 
20 0.5 39.3 442.4 19,75 0.0454 
19.5 0.5 451 487.5 19.35 0 6 0443 
19 05 53.0 18.75 0.0431 
18.5 0.5 57.5 5ç8.0 18.25 0.0420 
18 0 0 5 69.4 667.4 17.75 0,0408 
17,5 05 82.6 750.0 17.25 0.0397 
17 0.5 100.4 850,4 16.75 0,0385 
16.5 05 143,4 993.8 16.25 00374 
Entering Interfacial Driving R*t. of 
Liquid Liquid Cone. Force De.orp, 
Cone, 
cce./cc, cos,/oc, ooa,foo, 003,48ee 
0.0448 0,0305 0,0133 0,0087 
0.0433 0.0308 0,0125 0,0080 
0.0421 0,0311 01 0111 0.0066 
0.0407 0.0314 0,0093 o.0056 
0.0393 0,0317 0,0076 0,0046 
0,0374 0.0320 0.0054 0.0032 
JL ( 
RUN 3/ 8/1/? 
LICVID 1)TAm 	8 ltra,/Kr 1 &P - 12.290. 
GAS IVtAiITU 80 ltr../hr, P +Ap - 88.830o. 
VOL. CO2 ORIGINALLY - 116,00.a. 
., CO2 AT END CW ADS. RUN - g6.occm. 
VOL. CO2 AT START 07 UIØ. X= • 33.8soa. 
A$SORIaN. 
Total Vol, Inar.'1 Time to Aoou, Average Vol. Nan Cone, 
Added Vol,Add.d 	Dissolve Ti.. Added of Gas in 
Liquid 
00$, SaCS, socs, CCI, 001,/CO. 
552.1 
14 1 68.6 620.7 145 0 80334 
15 0 6 5 368 657.5 15.25 0.0351 
15.5 0.5 39.2 696.7 15.75 00363 
16 00 5 42,0 738.7 16.25 0.0374 
16.5 o, ,i 78.8 16,5 0,0386 
17 0,5 47,3 830.1 17.25 0,0397 
17.5 0.5 506 880. 17.75 0.0408 
18 0 0 5 55.0 35.7 18.2 0.0420 
18,5 0,5 58.3 q.4.0 18.75 0.0431 
19 0,5 62,4 1356.4 19.25 0,0443 
19.5 0.5 67.1 1123,5 19.75 0.0454 














o,034 0,0637 o,cw 0.0110 
0.0336 0,0634 0.0278 0,0105 
0.0375 o.o63i 0.0256 0.0098 
0.0388 o,o6rj8 0,0240 0,0091 
0 0 0400  0,0635 0,0235 0.0084 
0.0414 0,0633 0.0200 0.0079 
0,0425 0,0619 0.0194 0.0074 
o,o8 0.0616 0.0178 0.0069 
RUN B/ 8/1/? 
E$ORPT!ON 
Total Vol, Inore.'l Tine to Accun. Average vol. Man Conc, 
Added Vol. Dssorb Ti.. Added of Gee in 
Withdrawn Liquid 
008, 008. 8S08, •eOS • 008, 008,/CC, 
370.4 
18 0,5 60.7 431,0 17,75/ 0.0408 
17,5 0 0 5 65.0 496,0 17,25 0 00397 
17 0 05 73.1 564.1 16.75 0,0386 
16.5 0,5 84,0 648,1 16.25 0,0374 
16 0.5 92.2 740.3 15,75 0.0363 
15,5 005 99,4 839,7 15.25 0,0351 
15 0 0 5 115,1 954.8 14,75 0.0339 
4,5 0.5 136.1 1090,9 14.25 0,0328 
Entering Interfacial Driving Rate, of 
Liquid Liquid Cone, Force Ds80rp, 
Cone, 
008,/CC, Cc.,/oo, 008,/CC, CcS,/88C 
0,0401 0,0236 0,0165 o,0063 
0.0386 0.0239 0.0147 0,0055 
0,0375 0,0242 0.0133 0,0050 
0,0360 0,0245 0,0121 0,0046 
0,0349 0.0248 0,0101 0,0040 
0.0336 0.0251 0,0085 0,0034 
RUN B/ 8/2tr 
LIQUID ROTAXETIR 	8 ltrs./h.r, £ P a 13.3280., 
GAS 1KTATRR So ltr.,/hr. P +tP - 8q. 868c.. 
VOL. CO2 ORIGINALLY 124.2cc., 
WIL, CO2 AT END OF ABS. RUN 	102,2cos,, 
VOL. CO2 AT START 07 DES. RUN a 36,1cc.. 
ABSORPTION. 
Total Vol. Increa'l Ti.. to Acoua, Average Vol. Mean Cone. 
Added Vol,Addsd 	Dissolve Ti.. Added of Gas in 
Liquid 
005, 008, "as, seas, cci cca,/cc, 
604.3 
16 1 66.4 670.7 16.5 0,0380 
17 05 35 , 7 706,4 17.25 0,0397 
17,5 0.5 388 745.2 17.75 0.0408 
18 0 6 5 41,8 787.0 18.25 0,0420 
18,5 0 6 5 43,8 830.8 18.75 0.0431 
19 0.5 46.2 877,0 19.23 0.0443 
19.5 0.5 51,3 928.3 19,75 004 
20 0.5 55.5 983.8 20.25 0,04 
20,5 0,5 58.8 1032.6 20,75 0.0477 
21 0.5 61,o 1093,6 21.25 0,0489 
21.5 0,5 67.8 1161.4 21.75 0.0500 
22ocs, Ihasolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone. Force Absorp. 
Cone, 
caa,/cc, cost/coo cos,/cc, ccs,/s.c 
0,0390 0,078 0,0288 0,0110 
0.0405 0.0675 0,0270 0,0105 
0.0420 0 0672 0.0250 0.0100 
0.0432 0,0669 0,0237 0.0090 
0,0445 0.0666 0,0221 0,0083 
0.0456 o0663 0,0206 0.0078 
0.0469 0,0660 0,0191 0,0076 
0.0484 0,0657 0 -0173 0,0068 
RUN W 8/VT 
Total Vol • Inora' 1 Time to Aoou. Average vol • Mean Cone,  
Added Vol. Dsaorb Time Added of Gas in 
Withdrawn Liquid 
OCS, CO8 Bees, BeCB • CC., CCB/OO, 
386.3 
19.5 0.5 58.7 445.0 19.25 0,0443 
19 0 0 5 61.4 506.4 18.75 0.0431 
18.5 05 65,2 571.6 18.25 0.0420 
18 0,5 70,1 641.7 17.75 0.0408 
17.5 05 76,4 718.1 17.25 0.0397 
17 0,5 89,7 807.8 16.75 0.0385 
16.5 0,5 103.4 910,2 16.25 0.0374 
16 0,5 115.6 1025.8 15.75 0.0362 
Entering Interfacial riving Rat. of 
Liquid Liquid Cone, Fore. D.sorp. 
Cone. 
cos./cc, 005,/cc, ace/cc, ace s /B.c 
0.0436 0 - 0255 0,0181 0 ,0071  
0,0424 0,0258 o.oi66 00066 
0.0411 0,0261 0,0150 o.006o 
0,0399 0,0264 0.0135 0.0051 
0.0383 0.0267 o.o116 0.0046 
0,0383 0,0267 o,oii6 o,0046 
0.0370 0,0270 00100 0.0Y)4D 
RUN 5/ 8/3/? 
LIQUID ROTAMEM 8 ltrs./hr, 	 &P = 14.4180*. 
(VS W3TAMRTER 	80 ltr../hr, P +P - 90,9580*. 
VOL. c02 ORIGINALLY - 132.8009. 
VOL. CO2 AT END 01 ABS. RUN = 109.8cc.. 
YtL. CO2 AT STAR? 01 DES. RUN w  38.905.. 
ABsoRPrI. 
Total Vol. Incre*'l Time to Aooua. Average Vol. Mean Cone. 
Added Vol,Add.d Dissolve Tim Added of Gas in 
Liquid 
00S • cci, moos, sec, cos. oos,/co, 
645.5 
17.5 0.5 33.3 673.8 17.75 0.0408 
18 0.5 34.0 712.8 18.25 0 0 0420 
18.5 0,5 37.4 750.2 18.75 0.0431 
19 0.5 39,1 789.3 19.25 0.0443 
19.5 0.5 41.4 830.7 1946 0.04 
20 0.5 43.2 873.9 20.25 0.04 
20.5 0.5 455 910,4 20.76 0.0477 
21 0,5 48.0 967.4 21.25 0.0489 
21.5 0.5 54.8 1021.2 21.75 0.0500 
22 0,5 58.8 1079.1 22.25 0.0512 
22.5 0.5 62.9 1142.0 22.75 0,0533 
aces, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono, Force Absorp. 
Cone, 
C0a/CC, 009./CO, 009,/00. 008,1500 
0.0415 0.0727 0.0312 0.0117 
0,0426 0.0724 0,0298 0.0111 
0.0440 0,0721 0.0281 0,0107 
0.0453 0.0718 0.0265 0.0101 
0.0467 0.0716 0.0249 0.0096 
0.0480 0.0713 0.0233 0,0084 
0.0500 0.0710/ 0.0210 0.0078 
0.0507 0.0707 0 10200 0.0073 
RUM a,' 8/3/'l' 
I5ORPT'I( 
Total Vol. Increa'l Tim. to Acoum. Average vol e Mean Cone, 
Added Vol, Dasorb Time Added of Gas in 
Withdrawn Liquid 
COB, CCB • S.C., $CB, COB, Case/COL- 
460.9 
20 0.5 601 521,0 19.75 0 0 0454 
19.5 05 64.4 585.4 19.25 0.0443 
19 0.5 69.4 654.8 18.75 0,0431 
18-5 0,5 81,3 736.5 18,2 0 0 0420 
18 0.5 93.9 830.4 17.75 0.0408 
17,5 0.5 103.4 933.8 17.25 0.0397 
17 0 0 5 116.8 1o49.6 16.75 0.0385 
16. 0.5 132.0 ii8i.6 16.25 0.0374 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono, Force Desorp, 
Cone. 
005,/CC, CS./CC, CCS,/OC, 005 9 4SOC 
0.0446 0,0276 0,0170 0.0067 
0,0432 0.0279 0.0153 0.0057 
0.0419 0.0282 0,0137 0,0049 
0.0406 0.0285 0.0121 0.0046 
0,0393 0,0288 0.0105 0.0039 
0.0380 0,091 0.0089 0.0035 
LEM 
RUN 8/10/IJT 
LIQUID ROTAIMM 10 ltr.,/hr. 	 AP = 12 0 982cm, 
GAS R7I'AI(ETER 100 ltr.,/hr, P +AP 89.522cm, 
VOL. CO2 ORIGINALLY 121.5005, 
VOL. CO2 AT END OF ABS. RUN - 99.5cc.. 
VOL. CO2 AT START 07 MS. RUN - 35.2005. 
i- pj- J 1wz 















16,5 0,5 34.4 665.5 16,75 0.0385 
17 0,5 35.8 701.8 17,25 0,0397 
17,5 0,5 38.6 740.4 17.75 0.0408 
i8 0,5 40.7 781,1 18,25 0,01420 
18.5 0,5 43.3 824.4 18.75 0,0431 
19 005 47.5 871.9 19.25 0.0443 
19.5 03 50.3 922.2 19.75 0.04 
20 0.5 54.0 976.2 20.25 0.04 
205 0,3 57,2 1033,4 20,75 0.0477 
21 0.52 674 iioo,8 21.25 0.0490 
21,52 046 70,b 1171,4 21.75 0.0501 
22008 t Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone. Force Ab.orp 
Cone, 
acs,/Cc, ccs,/oo, ccs,/cc, ocs,/s.o 
0.0397 o,o66i 0.0264 0.113 
0.0411 oo68 0.0247 0,010 
o.o655 0.0231 0.0097 
0.0436 oo62 0.0216 00092 
0,0450 0.0649 0,0199 0.0085 
0.0463 0,0646 0,0183 0,0081 
0.0476 0.0643 0.0167 o,0068 
0.0490 0.0640 0,0150 0,0065 
RUN $/10,1/T 
Total Vol. lnsrisa'l Tim to Acoua. Average vol, mesa Cam, 
Added Vol. D.uorb Time Added of Gas in 
Vithdravn Liquid 
CCI, 00$. $$ca seas, coo. eas./co. 
396.4 
IC) 0 0 5 51,3 453.7 18.75 0.0431 
18, 0 0 5 60,2 513.9 18.25 0,0420 
18 0 6 5 65.2 579.1 17.75 0.0408 
17,5 0,5 71.0 650.0 17.25 0.0397 
17 05 79.5 729.5. 16,75 0.0385 
16.5 005 97.0 &a6. 16.2 0.0374 
16 0 0 5 102.1 gzs.6 15.75 0.0362 
15,5 05 124.7 1052.3 15.25 0,0351 
Entering Interfacial Driving We of 
Liquid Liquid Come, Force Do sorp, 
Cone. 
ooe/oc cca,/oa co.,/co, cca,/soo 
0,0421 0,025.2 0,0169 0,0071 
0.0406 0.0255 0,0151 o,006 
0.0395 0.0258 0,0137 0.0058 
0,0382 0.0261 0,0121 0.0048 
0,0370 0.0264 o.oio6 0,0045 
0.0357 0.0267 0,00) 0,0037 
RUN S/10/2/T 
LIQUID ROTAMETER 10 ltra./hr, 
G&s NJrAMETBR 100 ltr.,/hr, 
VOL. CO2 ORIGINALLY = 127,800$. 
VOL. Cfl2 AT END 01 ABS. RUN = 104.8C0. 
VOL. CO2 AT START 01 DES. RUN = 37.100e. 
ABSORPTIE(. 
8iP 14772C. 
P +P = 90.312cm. 
Total Vol. Incre'l Time to Accu, Average Vol, Mean Cone, 
Added 	Vol,Addod Dissolve Time 	Added 	of Gas in 
Liquid 
CC$ • CCI, UC3, 308, CCI, CCI./0 
637.4 
17.5 05 33.3 670.7 17.75 0 .04 8 
18 0.5 35,3 706.0 18.25 0.0420 
18.5 0,5 37.4 744.4 18.75 0,0431 
19 05 39,8 784.2 19.25 0.0443 
19.5 0.5 41.8 8z6.o 19.75 0.0454 
20 0,5 4304 869.4 20.25 0.0466 
20.5 0.5 47.3 916.7 20.75 0.0477 
21 0.5 52.7 969.4 21.25 0.0489 
21.5 0.5 57.7 1027,1 21.75 0.0500 
22 0.5 60,0 1087.1 22,25 0.0512 
22,5 0.5 64.6 1151.7 22.75 0.0523 
23CC8. Dissolved 
Entering Interfacial Driving Pat. of 
Liquid Liquid Cono, Force Abeorp, 
Conc, 
003,/CO. 0C$460 9  OC3/00, 003,/3.0 
0,0421 0.0695 0.0274 0,0116 
000434 0,0692 00258 0,0110 
0.0448 o.o689 o,oi o,oio6 
0.0460 0 • o686 0.o=6 0.0098 
0.0472 0.0684 0,0212 o,0088 
0.0485 o,o681 0.0196 o.008o 
0.0498 0.0678 0,0180 0.0077 
0.0510 0.0675 0.0165 0,0071 
RUN 9/10/2/? 
SORPTIt( 
Total Vol. Incr.a'l Time to Aoou. Average vol, Mean Cono, 
Added Vol. D.eorb Time Added of Gas in 
Withdrawn Liquid 
ace, coa l  eeoc, sees, ccc, cca,/oc, 
329.2 
20 05 56.3 385.5 19.75 0.0454 
19.5 0 0 5 60,4 44509 19.25 0,0443 
19 0,5 62.5 508.4 18.75 0.0431 
185 0,5 6.8 574.2 18,25 0,0420 
18 0,5 73.0 647.2 17.75 0,0408 
17,5 0.5 81,0 738.2 17.2 0.0397 
17 0 0 5 93,5 831,7 16.75 0.0385 
16.5 0,5 111 0 5 943,2 16.25 0.0374 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono • Force Desorp, 
Cone, 
ocs,/co, ccs,/ec, cos,/Cc, cos,/sea 
000445 0,0264 0.0171 0,0074 
0,0431 0.0268 0,0163 0,0070 
0,0419 0.0271 0.0148 o,0063 
0,0406 0,0274 0.0132 0,0057 
0.0393 0.0277 o,oii6 0.0049 
0,0378 0.0280 0.0098 0.0040 
LIWA 
RUM 5/10/3/? 
LIQUID JJTAMETIR 10 ltri,/hr, 	 AP - 13.9870c, 
GAS *3?AMZTZR 100 ltra,/hr, P +AP = 90.5270e, 
VOL, coa onzazx*u.y - 139.500.. 
VOL. CO2 AT RMD 07 *38. RUN - 106.5cc., 
7L. CO2 AT ST*fT 07 UMS. RUM - 37,70ea, 
AB8DI(PTXCM. 







ssoa, - 	assa, 
Added 
eos • 




17 1 62.0 643,1 175 000402 
IS 05 32.1 675,2 18.2 0,0420 
184 0,5 33,6 708,8 18,73 0,0431 
19 0 0 5 35.8 744.6 19,25 0.0443 
19,5 
20 
0,5 37,1 781,7 
8a1,i 
19,75 0.0434 
065 39.4 20.25 0,0466 
20,5 0 6 5 42,5 863,5 20.75/ 0,0477 
21 0,5 45,3 9194 21.23 0.0489 
21.5 0,15 48.7 968.o 21,75 000500 
22 05 55,0 1023.0 22.25 0.0512 
22,5 0,5 64,5 108.5 22,75 0.0523 
Dissolved 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone. Yore. Abaorp, 
Cone, 
005./cc, oc.,/ao 0  cas./ao. oos,/ssc 
0 00420 0,0706 0,0286 0,012() 
0,0431 0.0703 0,0272 0.0124 
0,0445 0.0700 0,0255 0.0117 
0,0458 0,069 0.0239 0.0109 
0,0471 0,0694 0,0223 0,0101 
0.0485 0,0691 o,o2o6 o.00g 
0,0496 0,0689 0.0193 00084 
0.0510 o,o686 0,0176 0.0072 
RUN B/10/3/T 
DESORPTIQN 
Total Vol,Increm'l Time to Accum Average vol, Mean Cons, 
Added Vol • D.sorb Time Added of Gas in 
Withdrawn Liquid 
oca, ccs aoa mess, ccc, cos,/ec, 
272.2 
20 0.5 42.2 314.4 19.75 0 0 0454 
19.5 0.5 51,3 365.7 19.25 0,0443 
19 0.5 59.9 425.6 18.75 0.0431 
18.5 0.5 65.8 491.4 18.25 0 00420 
18 0 0 5 70.0 561,4 17.75 0,0408 
17.5 0.5 751 636.5 17.25 0.0397 
17 0,5 97.0 733.6 16.75 0.0385 
16.5 0.5 107,3 840.8 16.25 0.0374 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone • Force Decorp, 
Cone, 
COB S /co. ocs,/oc, cos./cc. 008./eec 
0.0445 0.0268 0.0177 0.0077 
0.0432 0,0271 0,0161L o.007o 
0.0423 0.0274 0.049 0.0067 
0.0406 0.0279 0.0127 0.0062 
0.0393 0.0281 0.0112 0.0048 
0.0382 0.024 0,0098 0.0043 
RUN B/12/1/T 
	
LIQUID }3TAMETER 121tra./hr. 	 AP - 12.555cc. 
S WIT'AMZTER 120 ltrs,/hr, p + Ap = 89.095cc. 
VOL. CO2 ORIGINALLY - 120,300$, 
VOL. CO2 AT END OF ABS. RUN = 98,300$. 
VOL. CO2 AT START OF S, RUN - 3498002. 
AasoRPrI. 
Total Vol, Increa'l Time to Accuc. Average Vol. Mean Cone, 
Added Vol Added Dissolve Time Added of Gas in 
Liquid 
00$,, SOS, SeCS, 500$, CCS 0Ca,/e0 9  
538.4 
16 1 58,9 597.3 16,5 0,0380 
17 0,5 32.0 629.3 17.25 0.0397 
17.5 0.5 34.7 664.0 17.7 0,0408 
18 05 35.2 699.2 18.25 0.0420 
JL8.5 0.5 38.6 737.8 0.0431 
19 0.5 40.3 778.1 19.25 0 0 0443 
19.5 0,5 43.9 822.0 19.75 0.0454 
20 05 48,4 870.4 20.25 0.0466 
205 0.5 51.5 921.9 20.75/ 0,0477 
21 0 9 5 57,8 979.7 21.25 00489 
21,5 0,5 62,4 1024.1 21.75 0.0500 
22ocs, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp. 
Cone, 
ccs,/cc, eca/oc, cos./cc, cos,/See 
0 0 0400 0.0653 0,0253 0,0131 
0,0411 0,0650 0.0239 0.0120 
0.0425 0.0647 0.0222 0.0114 
0.0440 0.0644 0.0204 0.0105 
0 00452 0.0641 0.0189 0,0095 
0.0465 0.0638 0.0173 0.0090 
0.0478 0.0635 0.0157 0.0080 




Total Vol. Inoren'l Time to Accu. Average vol. Mean Cone, 
Added Vol. Dsaorb Tia, Added of Ga. in 
Withdrawn Liquid 




0.5 414 382.9 18.75 0.0431 
0,5 453 428.2 18,25 0,0420 
18 0.5 51,0 479.2 17.75 0,0408 
175 0.5 54.3 533.5 17.25 0.0397 
17 0,5 63.0 596.5 16.75 0.0385 
16.5 0 8 5 70.8 667.3 16.25 0.0374 
16 0,5 84.0 751.3 15.75 o.o362 
15.5 0.5 96.7 848.0 15.25 0.0351 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono Fore. D.eorp, 
Cone, 
c0a./cc. 003./cc. 001./cc, 009./s.c 
0.0422 0.0249 0.0173 0.0090 
0.0409 0.0252 0.0157 0.0085 
0,0396 0.0255 0.0141 0.0073 
0.0383 0.0258 0.0125 0.0065 
0.0370 0.0262 o.oio8 0.0055 
0.0356 0.026 0.0091 0,0048 
13]. 
RUN 2/12/2/? 
LIQUID JYTANETER 12 ltrs,/hr, 4P a 4.163c., 
GAS J)TAMETZR 	120 ltrs,/hr, P +.P = 90.6o3cs. 
VOL. CO2 ORIGINALLY a  130000.. 
VOL. CO2 AT END OF ABS. RUN = 106,9cc.. 
VOL. CO2 AT START OP UNS, RUN a  37.90c.. 
ABSQBPTIcS, 
Total Vol, Incr.'l Time to Accua, Average Vol, Mean Cone, 
Added Vol .Added 	Dissolve 	Tim. Added of Gas in 
Liquid 
ace, ccl, sacs, seas, cc.. 001 0 /cc, 
567.6 
18 1 58.0 625.6 18.5 0,0426 
19 05 32,0 657.6 19.25 0 00443 
19.5 0.5 33.8 691.4 19,75 0,0454 
20 0.5 35.2 p6.6 zo.z 0,04.66 
205 0.5 37.6 764.2 20,75 0 0 0477 
21 0,5 39,6 803.8 21.25 0,0489 
21,5 0,5 41.8 851.6 21,75 0,0500 
22 0.5 44,1 895.7 22.25 0.0512 
22.5 005 49.4 945.1 22.75 0,0523 
23 0.5 54 ,4 999,5 23,25 0.0534 
23.5 0.5 60,4 1059.9 23,75 0,0546 
24049, Dissolved 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Force Absorp, 
Cone, 
005,/cc, 005,/ca, coo -400, 005,/13e0 
0,0446 0,0709 0.0263. 0,0131 
0,0460 0,0706 o.o246 0,0123  
0,0473 0,0703 0,0230 o,o116 
0,0486 0,0701  0,0214 o,iio 
0.0498 0.0698 0,0200 0,0105 
0,0511 0,0695 0,0134 0,0093 
0.0523 0.0692 0,0169 0.0085 




Total Vol. Incr.a'l Ti*. to Acoua, Average vol, Mean Cone, 
Added Vol. Desorb Time Added of Gas in 
Withdrawn Liquid 
008, can, eeoc, seas, 008, coo. cc , 
364.2 
21 0.5 40,3 404.5 20.75 0,0477 
20.5 05 424 446.9 20.25 0,0466 
20 05 45,0 491,9 19.75 0,0454 
19,5 0 0 5 51.2 543.1 19,25 0 00443 
19 0.5 54 ,3 597.4 18,75 0.0431 
18,5 0,5 56,1 653,5 18,25 0 6 0420 
18 0 0 5 67.4 721.9 17.75 0,0408 
17.5 0,5 80,0 801.9 17.25 0,0397 
Kntering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Dasorp, 
Cone, 
oos,/oa, cos,/cc, cos,/Go, 008,/s.c 
0,0468 0,0270 0.0198 0,0103 
0.0455 0.0273 0,0182 0 0 0090 
0 00444 0,0276 o,o168 o,008 
0.0431 0.0279 0,0152 0.0078 
o.o418 0,0282 0.0136 o,0068 
0 0 0403 0,0285 0.0118 0,0058 
133 
RUN $/12/3/? 
LIQUID ROTANKM 12 ltr../hr. AP- 15.144 cm. 
GAS 	3TAJLETER 	120 ltra/hr, P +4P = 916840R. 
VOL. CO2 ORIGINALLY = 1384c05. 
VOL. CO2 AT END OF ABS. RUN = 112.40cc. 
VOL. CO2 AT START OF DES, RUN w 39,9008. 
ABSORPTION. 
Total Vol. Increm'l Time tc.' Accum, Average Vol, Mean Cone, 
Added VolAdd.d 	Dissolve 	Time Added of Gas in 
Liquid 
ccc, coa t aces, asos, ccc. ccs,/oc, 
66o-3 
21 0 0 5 32.2 692.5 21.25 004R9 
21.5 0.5 33,6 726.1 21.75 0,0500 
22 0.5 35.0 761.1 22.25 0.0512 
22.5 0.5 37.1 798.2 22.75 0.0523 
23 0 0 5 40.0 838.2 23.25 0.0534 
23.5 0.5 43.2 881.4 23.75 0.0546 
24 0,5 45.6 927.0 24.25 0.0557 
24,5 0,5 49.7 976.7 24,75 0.0569 
25 0 4 5 56.o 1032,7 25.25 0.0581 
25.5 0.5 63.4 1096.1 25.75 0,0593 
26cs, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp. 
Cone, 
ace./cc, cos,/oo, ocs,/cc, ccs,/sec 
0.0493 0.0746 0,0253 0.0132 
0.0505 0.0743 0.0238 0.0124 
0.05i8 0.0740 0.0222 0 1 0115 
0,0530 0,0737 0.0207 0.0107 
0,0543 0.0734 0.0191 0,0101 
0.0555 0.0731 0.0176 0,0093 
0.0569 0.0728 0.0161 0.0082 




Total Vol, Iner.a'l Tim. to Aacu, Average vol. Mean Cana. 
Added Vol. Dsaorb Tim. Added of Gem in 
Withdrawn Liquid 
CCC, CCC, CSC$. $SC$, 00$, coa./oo, 
365.5 
22 0.5 39.0 404.5 21.75 0,0500 
21.5 0 05 417 446,2 21.25 0.0489 
21 0.5 44.2 490.4 20.75 0.0477 
20.5 0,5 500 540.4 20.25 0.0466 
20 05 54.4 594.8 19.75 0 00454 
19,5 0 05 60,9 655.7 19.25 0,0443 
19 0,5 70,4 726.1 18.75 0.0431 
18.5 0,5 802 806,3 18.25 0,0420 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cono • Fora. Deaorp, 
Cono, 
000./CC. 008,/CC, CCs,/CC, 005,/sea 
0,0492 0.0289 0,0203 0,0105 
0,0478 0.0292 0,0186 0.0092 
0,0466 0.0296 0,0170 0.05 
0.0453 0,0299 0,0154 0.0076 
0.0440 0,0302 0.0138 o,0066 
0,0428 ,0305 0.0122 0,008 
135 
RUN C/ 8/1/? 
LIQUID ROTAWMR 81trs,fhr. 	 A P = 12.3660*. 
GAS ROTAMMR 	So ltrs./hr. P + A P 88.906c*. 
VOL. CO2 ORIGINALLY = 116,6cc.. 
VOL. CO2 AT END OF ABS. RUN = 98.6ccs, 
VOL. CO2 AT STAR? OF DES. RUN = 34.7009. 
AB&JRPTION. 
Total Vol, Inor.a'l Ti.. to Accu*, Average Vol. Kean Cone, 
Added 	Vol,Add.d Dissolve Ti.. 	Added 	of Gas in 




12.5 0.5 36,2 623.7 12,75 0,0293 
13 0.5 37.1 66o.8 13.25 0,030 
13.5 0.5 38.2 699,0 13,75 0.031 
14 0.5 39.2 738.2 14.25 0.0328 
14,5 0.5 43.0 781.2 14.75 0,0339 
15 005 45.5 826.7 15.25 0.0351 
15,5 0.5 47 , 7 874.4 15.75 0.0362 
16 0.5 49,5 923.9 16.25 0.0374 
16. 0.5 52,0 965.9 16.75 0.0385 
17 005 55,4 1031.3 17.25 0.0397 
17.5 0,5 58,o 1089.3 17.75 0.0408 
18cc., Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp, 
Cone, 
ocs/ac, 008 1 4cc, cca,/ao, 008,/s.c 
0,0300 0,0653 0.0353 0,01i8 
0,0314 0,0650 0.0336 0,0107 
0,0328 0,0647 0.0319 0,0101 
0.0340 0,0644 0.0304 0 0 0097 
0.0352 o,o641 0.0289 0,0093 
0,0364 0,0638 0,0274 0,0089 
0,0376 0,0635 0,0259 0,0083 
0,0390 0,0632 0,0240 0,0080 
136 
RUN C/ 8/1/T 
SORPT ION 
Total Vol e InoreR'1 Time to Accuz, Average vol. Mean Cone,, 
Added Vol. D.aorb Time Added of Gas in 
Withdrawn Liquid 
cca • cog, 8•08, sees, cc., cos,/ac e  
18 0 0 5 6,5 310.3 17.75 0.0408 
17.5 0.5 70,6 380, 17.25 0.0397 
17 0.5 820 462.9 16.75 0.0385 
16.5 0.5 92,6 555,5 16.25 0,0374 
16 0.5 ioo.6 656.1 15.75 0,0362 
15.5 0,5 120.1 776.2 15,25 0.0.t 
15 05 141.3 917,5 14.75 0,0339 
145 05 165.7 1083.2 14.25 0.0328 
14 0,5 201,4 1284,6 13.75 0.0316 
Entering Interfacial Driving Rate of 
Liquid Liquid Conc, Pore. D.sorp, 
Cone. 
c0S,/cc, 008./CC. 008./CC, ccs,/soc 
0.0397 0.0230 0.0167 o,006 
0,0385 0.0233 0,0152 0.0050 
0,0372 0.0236 0.0136 0,0046 
0,0359 0.0239 0,0120 0,0038 
0.0345 0,0242 0,0103 0,003 
0.0335 0.0245 0.0090 0,002 
0,0323 0,0248 0,0075 0.0023 
137 
RUN C/ 8/2/? 
LIQUID )3TAII3flR 8 ltz..'hr, 	 a P • 13.336a. 
GAl 1VANZTU 80 ltri,/hr, P +6P - 89.876ca. 
VOL. CO2 ORIGINALLY - 124.4cc.. 
VOL. CO2 AT IG1D 0? ASS. RUN - 104.4008. 
VOL. cn AT START 01 M8. RUN - 36,800.. 
Afl5PYION, 
Total Vol. - mores' 1 Tine to Acoun. *v.rs. Vol. Mean Cone, 
Added Vol .Add.d Dissolve Timis Added of Gas in 
Liquid 
aol, can, cccs sea. cci. 005./cc. 
14 1 6.6 65.2 1405 0,0334 
13 05 36.2 711,4 15.25 0.0351 
15.5 0.5 38.4 7498 15.75 0.0362 
16 00 5 40.4 790.2 16.25 0.0374 
16. 0 0 5 414 831.6 16.75 0.0385 
17 005 43.4 875.0 17.25 0,0397 
17.5 0.5 46.5 921.5 17.75 0.0408 
18 0.5 4C).6 971.1 18.25 0.0420 
18. 0.5 53.6 1024.7 18.75 0.0431 
19 0.5 56.5 1081.2 19.25 0.0443 
19.5 0.5 6o.8 1142.0 19.75 0.0454 
zooc.. Dissolved 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Yore. Ab.orp. 
Cone, 
oo./ca, cos./oe. 001,/00. cos,/Boo 
0,0347 0.0691 0,0344 0.0114 
0.0361 o,o688 0.0327 0.0111 
0.0373 0.0685 0.0312 o,01o6 
0.0385 o,o6Sa 0.0297 0,0099  
0.0398 0.0679 0.0281 0.0093 
0.0411 0.0676 0.0265 o.0086 
0 00424 0.0673 0.0249 0,0082 
0.0435 0,0670 0.0235 0,0076 
138 
RUN Cl 8/2/'r 
1SORPTION 
Total Vol, Increa'1 Tie. to Accue, Average vol, Mean Cone, 
Added Vol. Dssorb Tie. Added of Gas in 
Withdrawn Liquid 
COB. 00$, $OC$ • 500$, 00$, CCa,/cc, 
19.5 05 583 
366.5 
424,8 19.25 0 00443 
19 05 66.0 490.8 18.75 0.0431 
18.5 0 0 5 74,8 565,6 18.25 0 00420 
18 0 05 78.2 643.8 17.75 00408 
17.5 05 88 -5 732,3 17.25 0.0397 
17 05 ioo,8 833.1 16.75 0.0385 
16.5 0, 118.6 951,7 0.2 00374 
16 0.5 135.8 1087,5 15.75 0,0362 
15,5 0,5 179.9 1267.4 15.25 0,0351 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Pore. 1Borp, 
Cone. 
ocs/ca. 008 9 /00, 008,/CC, 008,/sea 
0.0435 0,0246 0.0189 0.0062 
0 0 0423 ().0249 0,0174 0.0059 
0.0408 0,0252 0.0156 0.002 
0,0395 0,0255 0.0140 0.0046 
0,0383 0.0258 0.0125 0.0039 
0.0370 0.0262 0,0108 0,0034 
0.0356 0,0265 0,0091 o,00a6 
IM 
RUN Cl 8/3/? 
LIQUID EvrA1mR 8 ltrs./hr. 	 A P - 14.728CM. 
GAS WTA*ETER 	80 ltrs./hr. P +AP - 91.2680M. 
VOL. CO2 ORIGINAlLY - 135.6cc.. 
VOL. CO2 AT SlID 0? ABS. RUN - 113,60ca. 
VOL. CO2 AT START OF ENS. RUN - 40.2001. 
AB10RION, 
Total Vol. Inorea'l Time to Accua, Average Vol. M.53t Cone. 
Added Vol,Added Dissolve Time Added of Gas in 
Liquid 
cos, aca, I.e., seen &  cci. 
715. 6 
16. 0.5 35.5 751.1 16.75 0.0385 
17 05 36.7 787.8 17.25 0.0397 
17.5 0,5 38.3 826.1 17.75 0.0408 
18 0.5 401 866.2 18.25 0.0420 
18. 0.5 41.8 908.0 18.75 0.0431 
19 0 0 5 44.8 952.8 19.25 0.0443 
19,5 05 48.5 1001.3 19.75 0.04 
20 0.5 51.3 1o52.6 20.25 0.04 
20.5 0.5 55,3 1107.9 20.75 0.0477 
21 0 0 5 57.5 1165.4 21.25 0.0489 















0 6 0393 0,0751 0.0358 0.0115 
0.0405 0.0748 0.0343 0.0110 
0,0419 0.0745 0.0:326 0.0103 
0 0 0432 0.0742 0.0310 0,0095 
0.0443 0.0739 0.0294 0.0090 
0.0459 0,0737 0.0278 0.0083 
0.0470 0.0734 0,0264 0 00080 
0,0481 0,0731 0,0230 0.0076 
RUN Cl 8/3/T 
DESORPTION 
Total Vol, Inorea'l Time to Accum Average vol. $sen Cone. 
Added Vol, Deeorb Time Added of Gas in 
Withdra'n Liquid 
008 • 00$, 1501, Bed, 001 001,/Cc, 
465.1 
21 0.5 66.4 531.5 20.75 0.0477 
20.5 0.5 70,0 6015 20.25 0.0466 
20 0.5 76.6 678.1 19.75 0 00454 
19.5 0.5 81,4 759.5 19.25 0.0443 
19 0.5 87.2 86.7 18.75 0.0431 
18.5 0,5 96,1 9.8 18.25 0 0 0420 
18 0,5 107.0 1049.8 17.75 0,0408 
17.5 0,5 124.6 1174.4 17.25 0.0397 
17 05 148.2 1312.6 0,5 0.0385 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Force D.eorp. 
Cone, 
ccs,/cc, cos,/cc ,  cos,/cc, ocs,/Bec 
0,0468 0.0272 0,0196 0,0060 
0 00451 0.0275 0,0176 0.0057 
0 00445 0.0278 0.0167 0,0053 
0 00430 0.0281 0.0149 0,0048 
0,0417 0.0284 0,0133 0,0043 
0 00403 0,0287 o,o116 0.0038 
0,0391 0.0290 0,0101 0,0031 
RUN C/lo/l,'? 
LIQUID RQTAETIR 10 ltr.,'hr, 
GALS 1JTAMTER 100 ltr../hr, 
VOL. COa ORIGINALLY 117,1008. 
VOL. CO2 AT END 07 ABS. RUN 	97,1002. 
VOL. CO2 AT STAN OF DRS. RUN 0  34.3008 . 
(! : 
12,4230*. 
P +,&P = 88.9630*. 
Total Vol, Inorea'l Ti.. to Aeon., Average Vol, Mean Cone, 
Added 	VolAddsd Dissolve Ti.. 	Added 	of Gas in 
Liquid 
can ,  ccl, sees, sees, cos, 005,/c 
581.4 
14 i 63,6 645.0 145 000334 
15 0,5 35.8 680,8 15,25 0.0351 
155 0.5 38.9 719,7 15.75 0.0362 
16 0,5 417 761,4 16.25 0.0374 
16.5 095 43 , 7 80 ,1 16,73 0.0385 
17 005 473 852,4 17,25 0.0397 
17,5 0 0 5 49,1 901,5 1 7.75 0.0408 
0.5 52,9 954.4 18,25 0 0 0420 
18. 0.5 58.7 1013,1 18.75 0.0431 
19 0,5 63,0 1076,1 19,25 0 0 0443 
19,5 0.5 688 1144.9 19,75 0,0454 
22cc., Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force, Absorp, 
Cone.  
CCa./OC, 006 , cc, oos/cS, 005,/iCc 
0,0353 0,0644 0,0391 0.0111 
0,0366 0.0641 0.0275 0.0106 
0,0380 0.0638 0,0258 o.00g8 
0,0391 0,0635 0,0 0,0094 
0.0403 0.0632 0.0229 0,0087 
0.0416 0,0629 0.0213 0.0079 
0,0429 0,0626 0.0197 0.00 
0- 0443 0,0623 o,ot80 0.0(67 
RUM C/10/I/? 
1SORPTTflN 
Total Vol. Increa w l Tia. to Aooua, Average vol. Mean Cone. 
Added Vol. Dssorb Tia. Added of Gas in 
Withdrawn Liquid 
ca., ace, s•c., sea., cc., cos,/co. 
293.2 
18.5 0,5 58.3 351.5 18.25 0 0 0420 
18 0.5 65,0 416.5 17.75 0.0408 
17.5 0,5 69.0 485.5 17.25 0.0397 
17 05 76.7 562.2 16.75 0.0385 
16. 0.5 79.6 641.8 16.25 0.0374 
16 0,5 94,8 736.6 15.75 0,0362 
15,5 0.5 112.3 48,9 15.25 0.0351 
15 0,5 125.8 981.7 14.75 0,0339 
Entering Interfaoial Driving Rate of 
Liquid Liquid Cone, Force D.sorp, 
Conc. 
0c13,/OO, cog./co, caa,/cc. 005,/sec 
0,0408 0.0237 0,0171 o.0o67 
0.0394 0.0240 0,0154 0,0060 
0.0384 0 0 0243 0.0141 0.0056 
0,0370 0.0246 0.0124 0.0049 
0,0359 0 0 0249 0,0110 0,0041 
0.0347 0.0252 0.0095 0.0038 
14.3 
RUN C/b/alT 
LIQUID J)TAKETER 10 ltra./hr • 
GAS ROTAMETER 100 ltrs/hr. 
VOL. CO2 ORIGINALLY 125.9.0.. 
VOL. CO2 AT END DY ABS. RUN 103.900., 
VOL. CO2 AT START OF DES. RUN 36,7cc.. 
ABSORPTION. 
13.5320., 
P +AP w 90.072cc. 
Total Vol, Inorea'l Time to Accuc, Average Vol, Mean Cone, 
Added 	Vo],Add.d Dissolve Ti.. 	Added 	of Gas in 
Liquid 
ocs, coa, sees, seas, cas, 000,/c 
16 0.5 32.8 
650.4 
683.2 16.25 0.0374 
16.5 05 344 717.6 16.75 0.0385 
17 0.5 35.9 753,5 17.25 00397 
17.5 0.5 38.5 792,0 17,75 0.0408 
x8 0.5 40.0 832.0 18,25 0 00420 
18.5 o.6 53 ,3 885.3 18.75 0 0 0433 
19.1 0,4/ 38.4 923.7/ 19.3 0 00444 
19,5 0.5 50.7 974.4 19.75 UAKA  
20 05 52.8 1027.2 20.25 0.04 
20.5 0.5 58.4 1085.6 20,75 0.0477 
21 0.5 6o,8 1146.4 21.25 0.0489 
21.5 0.5 67.8 1204.2 21.75 0.0500 
22002, Dissolved 
Entering Int.rfaoia1 Driving Rate of 
Liquid Liquid Cone, Force Abaorp, 
Cone. 
005,/ce, 005 0 40c, 005,/ac, 000,/see 
0.0385 0,06)2 0.0307 0.0120 
0.0399 0.0639 0.0290 0,0115 
0.0415 o,o686 0,0,1 0.0108 
0,0426 0.0683 0.0257 0.0094 
0.0448 0.0680 0,0232 0.0091 
0.0451 0.0677 0.0226 0.0087 
0,0463 0.0674 0,0211 0.009 0,0474 0.0671 0.0197 o.0076 
0.0488 o,o668 00180 0,0063 
RUN C/10/2/T 
DUQRPT1tI 
















20.5 0,5 561 46.9 20.25 0.0466 
20 0.5 58. 1 505,0 19,75 0 0 0454 
195 0,5 6o,o 565.0 19.25 0 0 0443 
19 0,5 6,8 630,8 18.75 0.0431 
18.5 0,5 71,1 71)1,9 13.25 0.0420 
18 005 75 , 9 777.8 17.75 0.0408 
17.5 0.5 85.4 843.2 17.25 0,0397 
17 0, 101.8 945.0 16.75 0.0385 
16.5 0.5 105.7 1050.7 16,25 0,0374 
Entering Interfacial Driving Rate of 
Liquid T4quid Cone, Force Desorp, 
Cone, 
cos,/CO G  008,/ce, oeg,/co, cos,/Boo 
0.0456 0.0252 0,0204 0.0077 
0,0444 0,0255 0-0189  0,0070 
0.0430 0,0258 0,0172 0,0067 
0.0418 0,0262 0.0156 o,006o 
0.0406 0,0265 0,0141 0,0053 
0,0393 0,0268 0.0127 0,0045 




LIQUID ROTAMETER 10 ltrs,/hr, 	 &P = 14.1210.. 
..S ITAMETER 100 ltra,/!'.,. P +P = 90.6610.. 
VOL. CO2 ORIGINALLY = 130.5003. 
VOL. CO2 AT END OF ABS. RUN = 108,5006. 
VOL. CO2 AT STAR? OF  DES, RUN - 38.4cca, 
ABSORPTION. 















16 i 64,1 693.0 16,5 0.0379 
17 0 0 5 34,0 727.0 17.25 0.0397 
17.5 0.5 366 763.6/ 17.75 0.0408 
18 0 0 5 37.2 800.8 18.25 0.0420 
18,5 0,5 39.4 840,2 18.75 0.0431 
19 0.5 40.8 881.o 19,25 0.0443 
19.5 0.5 43.1 924,1 19.75 0.0454 
20 0,5 47,6 971,7 20,25 0,0466 
20,5 0,5 508 1022.5 20.75 0.0477 
21 0 0 5 53,0 1075.5 21.25 0.0489 
21,5 0 0 5 56.6 1132,1 21.75 0,0500 
22cc8, Dissolved 
Entering Interfacial Driving Rats of 
Liquid Liquid Conc, Force Absorp. 
Conc, 
CC8,/CC, C0S,/CO, CO3,/CO 3 000,/sec 
0 0 0395 0,0718 0,0323 0.0124 
0,0407 0,0715 0,0308 0.0117 
0.0423 0.0713 0.0290 0,0113 
0,0435 0.0710 0,0275 0,0107 
0,0446 0,0707 0,0261 0,009 
0,0460 0.0704 0.0244 0,0091 
0 0 0472 0,0701 0,0229 0,0087 
0.0485 o,o698 0,0213 0,0082 
Kull C/10/3/T 
DESORPTION 
Total Vol. Incr.a'l Tin, to Aocua, Average vol. Mean Cone, 
Added Vol. Daorb Time Added of Ge.. in 
Withdrawn Liquid 
cc.. ccl, secs, sees, ccs, ocs,/cc, 
339.9 
21 05 32.0 391.9 20.75 0,0477 
20.5 0.5 55,3 447.2 20,23 0.0466 
20 0,5 58.6 505,8 19.75 0,044 
19.5 0,5 65.6 571.6 19,35 00443 
19 05 69.1 640.7 18.75 0,0431 
18.5 0,5 77.1 717.8 18.25 00420 
18 0.5 91,0 808,8 17.75 0.0408 
17.5 0,5 93,1 901,9 17.25 0 0 0397 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Pore. Duorp, 
Cone, 
Cc8,/CC, co.,/GC, oc.,/cc, cca,/sec 
0,0469 0,0260 0,0209 0,0079 
0,0455 0,0263 0,0192 0.0070 
0 0 0442 0,0266 0,0176 0,0067 
0.0428 o,0269 0.0159 o,006o 
0.0415 0.0273 0,0142 0,0051 
0,0405 0.0276 0,0129 0,0050 
]Ji7 
RUN C/la/l/T 
LIQUID RC7A1(FgR 12 ltrs,/hr, AP 12,5200R, 
GAB JJTAMETER 	120 ltrs,/hr, P +8p a 89,060ca. 
VOL, CO2 ORIGINALLY 117.8008. 
VOL. CO2 AT END OF ABE, RUN at  97 ,8002,  
VOL. CO2 AT STAZI' OF DES, RUN 34,5005, 
AB8ORPTI(, 
Total Vol. Incre.'l Time to Acou, Average Vol. Mean Colic, 
Added Vol ,Add.d Dissolve Ti.. Added of Gas in 
Liquid 
coo, ocs, coca, sees, ccc, cc.,/co, 
14 1 61.8 
536.9 
598.7 145 0,0334 
15 0.5 32.4 631,1 15.25 0,0351 
15.5 0.5 35.6 666,7 15.75 0.0362 
16 0,5 36,4 7(3.1 16.25 0.0374 
16.5 0,5 37.6 740 7 16.75 0.0385 
17 0.5 40.2 780.9 17.25 0.0397 
17,5 0,5 43,1 824,0 17,75 0,0408 
18 0,5 47.7 861.7 18.25 0 00420 
18.5 0.5 51.3 913.0 18.75 0.0431 
19 0.5 55. 8 968.8 19.25 0 00443 
19,5 0,5 57,5 1026.3 19,75 0.0454 
200cc, Dissolved 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Force Ab.orp, 
Cone, 
oc.,/oc, 000,/cc, ccc,/cc, cos,/See 
0.0355 0.0649 0.0294 0,0127 
0.0367 0,0646 0,0279 0.0123 
0,0380 0,0643 0,0263 0.0115 
0,0393 0,0640 0,0247 0,0107 
0.0405 0.0637 0.0232 0.0097 
0.0418 0,0634 0,0216 0,0090 
0,0431 0,0631 0,0200 0,0083 
0 00444 o.o6ag o.oi85 o.0080 
RUN C/12/1/T 
DESORPTION 
Total Vol, Incr.R'l Tia. to Aocua, Average vol. Mean Cone, 
Added 	Vol. 	De.orb 	Time 	Added 	of Gas in 
Withdrawn 	 Liquid 
ces, ccc, sce, sees. ccc. 
352,0 
19 0 05 50.7 402,7 18,75 0.0431 
1.5 0.5 54.9 467.6 18.25 0.0420 
18 0.5 60.7 528,3 17.75 0.0408 
17.5 0 05 660 594 ,3 17.25 0.0397 
17 0.5 69,4 663.7 16.75 0.0385 
16.5 0 05 78,5 742,2 16.25 0 00374 
16 0,5 92,1 834.3 15,75 0.0362 
15.5 0.5 102,8 937,1 15,25 0.0351 
Entering Interracial Driving Rate of 
Liquid 	Liquid Cone, Pore. 	D.soxp, 
Cone, 
can 2/00 0 005,/00. 005,/00, 0C$,/800 
0,0419 0,0235 0.0184 0,0076 
0.0405 0,0238 0,0167 o.007o 
0,0393 0,0241 0,0152 0.0067 
0,031 0 90444 0,0137 0,0058 
0,0370 0,0247 0.0123 0.0050 
0,0356 0.0450 o,oio6 0,0045 
14.9 
RUN C/12/2/T 
LIQUID ROTAMBTZR 12 ltra./hr, 	 AP - 13 0 8530*. 
GAS }Y!'AETER 120 ltr.,/hr. P + Ap - 90393cc. 
VOL. CO2 ORIGINALLY = 128.7cca. 
VOL. CO2 AT END OF ABS. RUN 106.7ccs. 
VOL. CO2 AT START OF DES. RU  - 37-7"s- 
ABSORPTION. 
Total Vol. Incise' 1 Time to Accum. Average Vol. N.sn Cone, 
Added Vol Added Dissolve Ti" Added of Gas in 
Liquid 
ace, ccc, sees, seen, cc.. oca./cc, 
598.2 
16 1 61.4 659.6 16.5 0,0380 
17 0.5 32.2 691,8 17.25 0,0397 
17.5 0.5 33.1 724 09 17.75 0.0408 
18 0,5 35.0 759.9 18.25 0 0 0420 
18.5 0.5 37.0 796.9 18.75 0.0431 
19 0.5 38.6 835.5 19.25 0 00443 
19.5 0.5 41,3 876,0 19.75 0 00454 
20 0.5 44.2 921,0 20.25 0.0466 
20.5 0.5 48,0 969.0 20.75 0.0477 
21 0.5 50.0 1019 1 0 21.25 0.0489 
21.5 005 54.5 1073.5 21.75 0.0500 
22ccs, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absoip, 
Conc, 
cos./cc, cce,/cc, ccs,/oc, cos,/see 
0.0401 0.0707 0.0306 0.0132 
0.0414 0.0704 0.0290 0.0125 
0.0425 0,0701 0,0276 0,0119 
0.0440 0,0698 0,0258 0.0112 
0.0451 0,0695 0.0244 0.0104 
0.0465 0,0692 0-0227  0.0096 
0.0476 o,o689 0,0213 0.0092 




Total Vol. Inor..' 1 Timis to Acou. Average vol • Mean Cone, 
Added Vol. Dssorb Tie. Added of Ga. in 
Withdrawn Liquid 
can, cci, •*ci, B.C., cc., ca.,/sc, 
312.1 
20 0.5 49,6 361.7 19.75 0 9 0454 
19.5 0.5 53.0 414.7 19.25 0,0443 
19 0.5 57.6 472.3 18.73 0,0431 
18. 0.5 64.6 536.9 18.25 0 90420 
18 0,5 70.2 607,1 17.75 0.0408 
175 005 79.3 686,4 17,25 0.0397 
17 0,5 8q.6 776.0 16.75 0.0385 
i6,5 0.5 103.4 879.4 16.23 0 00374 
Entering Interfacial Driving Rat. of 
Liquid Liquid Conc, Pre D.aorp, 
Cone, 
co.,/co 008,/cc. cc.,/co, oca,/.ec 
0.0443 0.0262 0.0181 o.008o 
0.0429 0.0265 0.164 0.0071 
0.0418 0.0268 0,0150 o,0066 
0.0406 0.0271 0,0135 0,0058 
0.0394 0.0274 0.0120 0.0051 
0.0380 0.0277 0.0103 0.0044 
15] 
RUN C/12/3/T 
LIQUID I)TAMETZR 12 ltre,/hr, 14.1470.. 
GM R(YTAMETER 	120 ltre,/hr. p 	Ap 9o. 687c.. 
VOL. CO2 ORIGINALLY - 130,7000, 
VOL. CO2 AT END OF ABS. RUN = 107.70ca. 
VOL. CO2 AT STAR? OF DES. RUN = 38 . 1000 . 
ABSORPTION. 
Total Vol. Increi*'l Ti.. to Aoau, Average Vol. Mean Cone, 
Added Vol .Added 	Dissolve Ti.. Added of Gas in 
Liquid 
ace, cci, s.ca, sees cos t ocs,/co, 
18 0.5 33.6 
673. 
707.2 18,25 0,0420 
18,5 0,5 34.8 742.0 18.75 0.0431 
19 0,5 36,0 778.0 19.25 0,0 
19,5 0,5 38,0 816.0 19,75 0.0454 
20 0,5 40,2 856.2 20,25 0.0466 
20.5 0,5 43,0 899,2 20 0 75 0,0477 
21 0.5 47 ,4 946,6 21.25 0,0489 
21.5 0,5 49.6 996.2 21.75 0,0500 
22 0 0 5 55.0 1051.2 22.25 0.0512 
22.5 0.5 59.1 1110.3 22,75 0.0523 
23oos, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Fore. Ab.orp, 
Cone. 
ccs/cc, coa,/ac, oce,/oo, 008,/eec 
0.0425 0,0714 0.0289 0.0128 
0.0436 0.0711 0.0275 0,0121 
0.0450 0.0708 0.058 0.0115 
0.0463 0.0705 0,0242 0.0107 
0.0475 0,0703 0,0228 0.0097 
0.0487 0,0699 0,0212 0.0093 
0.0500 0,0696 0.0196 0,0084 




Total Vol. Incre'l Time to Aocu, Average vol. Mean Cone, 
Added 	Vol. 	Deaorb 	Time 	Added 	of Gas in 
Withdrawn 	 Liquid 
acs, cci, aecs, secs, can, ocs,/oc, 
326,1 
21 0.5 44.6 370,7 20,75 0.0477 
20.5 0,5 49.0 419.7 20.25 0.466 
20 0 1 5 52.0 471,7 1945 0 0 0454 
19.5 0.5 56.8 528.5 19,25 0 0 0443 
19 0,5 6o,8 589,3 18.75 0.0431 
18.5 0 0 5 66,4 656.7 18.25 0 0 0420 
18 0,5 74,2 730.0 17.75 0.0408 
17.5 0.5 81,8 812,7 17.25 0,0397 
Entering InterfEcial Driving Rate of 
Liquid Liquid Cone, Fore. Doaorp, 
Cone, 
005,/CC, 005,/CC, 005,/ce, 008,/S.0 
0,0467 0,026 0.0202 0.0089 
0 0 0454 o.o269 o,oi86 o,008i. 
0 00442 0.0271 0.0171 0,0076 
0,0429 0.0274 0,0155 0,0069 
0.0418 0.0277 0,0141 0,0062 




LIQUID ROTAMETER 10 ltrs,/hr, 	 AP 12,888ca. 
S ROTAMMR 100 ltxs./hr, P + AP - 
VOL. CO2 ORIGINALLY - 1208acs, 
VOL. CO2 AT END OF ABS. RUN = 91.3001. 
VOL. CO2 AT START 01 DRS. RUN - 11.7005. 
ABSORPTION. 
Total Vol, Inor.a'l TiMe to Acoua, Average Vol, Mean Cone. 
Added Vol,Add.d Dissolve Time Added of Gas in 
Liquid 
acs. CCI, seas, seas, aes, ccs,/oa, 
405.3 
24 1 42.5 447.8 24,5 0.0589 
25 05 24.2 471.0 25,25 0,0607 
25.5 0,5 26.0 47.0 25.75 0.0619 
26 0.5 27.8 524.8 26.25 0.0631 
26.5 0 0 5 30.9 555.7 26.75 0.0643 
27 0.5 33.4 584.1 27.25 0.0655 
275 0.5 45.3 329.4 27.75 0.0667 
28 0,5 53.0 682.4 28,25 0.0679 
28.5 0 05 684 751.8 28.75 0.0691 
29 0 0 5 81.4 843.2 29.25 0.0703 
29.5ocs, Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono, Force Absoxp, 
Cone, 
ccs,Joo, ccs,fcc, 008,/ca, oos,/s.a 
0.0537 0,0823 0.0236 o,o166 
o,o6ii 0.0819 0.0203 0,0149 
o,o626 0,0815 0.0189 0,0120 
0.0643 0,0811 o,o168 0,0102 
o,o6& 0,0808 0.0147 0.0087 
0,0676 0.0804 0.0128 o,0066 




Total Vol, Incrar'l Time to Acoua. Average vol, Mean Cone. 
Added Vol. D.aorb Ti... Added of Gas in 
Withdrawn Liquid 
con. acs, soon, neon cc., oos,/co. 
288)i 
17 0.5 24.9 313.5 16.75 0 0 0402 
16.5 0.5 z6.i 339.6 16.25 0.0390 
16 0,5 28.2 367.8 15.75 0,0379 
15.5 0405 32.2 400,0 15.25 0,0367 
15 0.5 40.1 440.1 14.75 0.0355 
14.5 0.5 49,2 489,3 14.25 0,0342 
14 0 0 5 59.2 13.75 0.0331 
13.5 0.5 86.8 635.3 13.25 0.0318 
13 05 127.6 762.9 12.75 0.0306 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Force D.sorp, 
Cone, 
ccs,/ac, cos,/cc, cos,/oo. cos , /see 
0,0397 0,0222 0,0175 0.0143 
0.0375 0,0226 0.0149 0.0115 
0,0364 0,0230 0,0134 0,0094 
0.0347 0.0234 0,0113 0,0078 
0,0330 0,0239 0,0091 0,0053 
0,0312 0 00244 o,0069 0.0036 
155 
RUN A/jO/a/P 
LIQUID ROTAMMR 10 ltzs/hr. ILP 13.397cm. 
GM WTAKMR 	100 ltr./hr. P +.&P 89.937cm. 
VOL. CO2 ORIGINALLY = 125,000$. 
VOL. CO2 AT END OF ABS. RUN - 97,000$. 
VOL. CO2 AT START OF MS. RUN = 12.509. 
ABSORPTION. 
Total Vol. Incres'l Tim. to AccuR, Average Vol, Mean Cone, 
Added Vol ,Add.d 	Dissolve Time Added of Gas in 
Liquid 
can, can ,  ssce sees, CCI, C0I,/OC, 
345.5 
25 1 36.0 381.5 25.5 0.0613 
26 1 39.0 420.5 26.5 0,0637 
27 1 46.3 466.8 27.5 o.o66i 
28 1 55.5 522.3 28.5 0,0685 
29 1 70,6 592.9 29,5 0.0709 
30 05 50,4 643.3 30.25 0.0727 
30.5 0.5 6o.1. 703.4 30.75 0.0739 
31 0.5 79.2 782.6 31.25 0.0751 
31.5 0.5 130.2 912.8 31.75 0.0763 
320os. Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Absorp. 
Cone,, 
ccs,/cc, ccs,/co, ocs,/cc, ccs,/e.c 
0.0657 0.0843 o,o186 o,oi68 
o,o68 0.0835 0.0150 0.0131 
0.0704 0.0829 0.0125 0.0092 
0.0725 0.0825 0.0100 0.0077 
0,0744 0.0821 0.0077 0.0058 




Total Vol. Incr.'l Time to ACOU. Average vol. Mean Cone, 
Added Vol, D.aorb Time Added of Gas in 
Withdrawn Liquid 
CCB, 00$, •SCR • $•C$ 000, OCB,/CC 
296.6 
17 0 0 5 23.6 320.2 jL6.75 0 0 0402 
jL6.5 0 0 5 24,2 344 , 4 16.25 0.0390 
16 0. 27.8 372.2 15.75 0.0378 
135 0,5 292 401.4 15.25 0,0366 
15 065 33.9 435.3 14.75 0.0354 
145 0 0 5 42,7 478,0 14.25 0,0342 
14 0.5 49.5 527.5 13,75 0.0330 
13.5 0,5 62,1 589.6 13.25 0,0318 
13 0.5 85,2 674.8 12,75 0.0306 
12,5 0 0 5 137.0 811.8 12.25 0 00294 
Entering Interfacial Driving Rate of 
Liquid Liquid Cono, Force De.orp. 
Cone,  
000,/cc, 000./cc, cos,/cc, cos,/Bee 
0.0373 0.0255 0.0118 0.0136 
0,0364 0,0259 0.0105 o.oio8 
0,0348 0.0264 0.0084 0.0093 
0,0334 0 • 0268 0 • oo66 0.0074 
0,0317 0.0272 0,0045 0.0054 
0.0305 00276 0.0029 0,0034 
157 
RUN A/10/3/P 
LIQUID I)TAMETER 101trs./hr, AP = 14,2640.. 
GAS ROTATER 	100 ltr../hr. P + A P = 90.804c., 
VOL. CO2 ORIGINALLY = 131.7002. 
VOL. CO2 AT END 01 ABS. RUN z 97.7008. 
VOL. CO2 AT START OF DES. RUN m 126c., 
ABSORPTION, 
Total Vol, Incree'l Ti.. to Accu, Average Vol, 	Mean Conc, 
Added VolAdded 	Dissolve Ti.. Added of Gas in 
Liquid 
can, cc., eeoc, aec. can, acs,/cc, 
363, 
27 1 29.8 393 ,4 27.5 0.0661 
28 1 427. 28.5 0.068 
29 1 43,7 471,0 29.5 0,0709 
30 0.5 24,9 503,9 0.0726 
30.5 0.5 26.0 529.9 30.75 o,o738 
31 0 0 5 268 556.7 31.25 0,0750 
31.5 0.5 32.4 589.1 31.75 0.0763 
32 0.5 40,3 629.4 32.25 0.0774 
32,5 0,5 44.8 673.2 32.75 0.0786 
33 0 0 5 50.5 723.7 33.25 0.0798 
33.5 0 05 69.9 79.6 33 , 75 0,0809 
4cca. Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Abaorp. 
Cone, 
ooa(cc, ccs,/cc, can,/cc, 005,/sec 
o.o665 0,0888 0.0223 0.0185 
0,0700 0,0884 0.0184 0.0177 
0.0716 o,o88o 0.0164 0.0172 
0.0732 0,0876 000144 0,0142 
0.0750 0,0872 0.0122 0.0114 
0.0766 0.0869 0,0103 0,0103 
0.0781 0,0865 0,0084 0,0091 
















of Gas in 
Liquid 
acs,/ac, 
21 1 31,7 
348.9 
380.6 20,5 0,0491 
20 1 42.8 23.4 19.5 0,0467 
19 05 249 8.3 18.75 0,0449 
18,5 0,5 25.6 473 ,9 18.25 0.0437 
18 0,5 27.1 501,0 17.75 0.0426 
17.5 05 32.2 533,2 17.25 0,0413 
17 0,5 41.3 574.5 16.75 0.0402 
16,5 0,5 47.8 622,3 16.25 0,0390 
16 0 0 5 57.8 68o,i 15.75 0.0378 
15.5 0.5 78.2 758.3 15.25 0,0366 
15 0 0 5 125.4 883.7 14.75 0,0354 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Pores Dssoxp. 
Cone, 
ocs,/cc ace/cc, cos,/cc, cos,/see 
0.0474 0,0240 0.1234 0,0180 
0.0457 0,0245 0,0212 0,0170 
0.0439 0,0249 0,0190 0.0143 
0 0 0423 0,0252 0.0168 0.0112 
0.0405 0,0257 0,0143 0.0097 
0,0390 0,0262 0,0128 0,0080 
0,0376 0,0276 0,0100 0,0059 
0,0361 o,oz8o 0,0081 0.0037 
159 
RUN A/12/1/P 
LIQUID ROTAILSTER 12 ltrs./hr. 	 AP = 124450a. 
GAS ROTAIIETER 120 ltrs./hr. P +tP - 88.9850a. 
VOL. CO2 ORIGINAlLY = 117.0005. 
VOL. CO2 AT END OF ABS. RUN = 89,0008. 
VOL. CO2 AT STAR? OF DES. RUN = 11.3008. 
ABSORPTION. 
Total Vol. Inor..'l Time to Accua. Average Vol. Mean Cone, 
Added Vol .Added Dissolve Ti.. Added of Gas in 
Liquid 
ccc,, con, SCCS, sacs coB. ace/ca. 
345.3 
22.5 05 151 360.4 22.75 0.0545 
23 0.5 16,7 377.1 23.25 0.0557 
23.5 0,5 20.4 397.5 23.75 0.0569 
24 0,5 24.0 421.5 24.25 0.0581 
24.5 0.5 24.9 6.4 24.75 0.05 
25 0.5 27,2 473.6 25.25 0.0605 
25.5 0.5 31.9 505.5 25.75 0.0617 
26 0.5 35.3 540,8 26.25 0.0629 
26.5 0.5 39.3 590.1 26.75 0.0641 
27 0.5 45.4 635.5 27.25 0.0653 















0.0553 o.o8o8 0.0255 0.0192 
0.0569 0.0804 0.0235 o,oi85 
0.0584 o.o800 o,o216 0.0170 
0.0598 0.0796 0.0198 0.0143 
o.o611 0.0792 o,o18i 0.0131 
o.o628 0.0788 o.o160 0.0117 
0.0639 0.0784 0.0145 0.0102 




Total Vol. Incr.a'l Ti.. to Aocua. Average vol, Mean Cone, 
Added 	Vol, 	Desorb 	Time 	Added 	of Gas in 
Withdrawn 	 Liquid 
ace, ccs • sees, aeca, cos, cca,/cc, 
206.4 
16 0,5 15,0 221,4 15.75 0.0377 
15,5 0,5 16.7 238,1 15.25 0.0365 
15 0 0 5 20,8 258.9 14.75 0.0353 
14,5 0.5 24,5 282,4 14.25 0,0341 
14 0,5 28.4 310.8 13,75 0,0330 
13,5 0.5 34.2 345.0 13.25 0.0318 
13 0.5 40.0 385.0 12.75 0.0306 
12.5 0.5 45.5 430.5 12.25 0,0294 
12 0.5 48,5 479.0 11.75 0,0282 
11,5 0.5 71,0 550.0 11.25 0,0270 
11 0.5 104.3 654,3 10,75 0.0258 
10.5 0,5 254,2 go8.5 10.25 0,0246 
Entering Interfacial Driving Rate of 
Liquid Liquid Conc, Fore* Desorp, 
Cone, 
008./CC, oca./cc. 008,/cc, Cos ,/age 
0,0369 0.0219 0.0150 o,oi8S 
0.0351 0,0224 0.0127 0,0162 
0,0335 0,0228 0,0107 0.0135 
0.0320 0,0232 0.0088 0,0115 
0.0309 0,0236 0,0073 0,0101 
0,0294 0.0240 0.0054 0.0095 
0,0277 0,0244 0,0033 0,0065 
0.0265 0.0248 0,0017 0,0044 
000249 0,0252 0,0003 0,0018 
161 
RUN */12/2/P - 
LIQUID I)TAMETER 12 ltra./br, 	 OP = 129970a.. 
GAS R13TAMZTZR 120 ltrs,/hi, P +P - 89.537c&, 
W)L, CO2 ORIGINALLY = 221,6001, 
VOL. CO2 AT END OF ASS, RUN 	90,600.. 
VOL. CO2 AT START OF DES. RUN = 11,6@c.. 
Total Vol. Incras'l Tim. to ACCUM. Average Vol, Mean Conc. 
Added VolAdd.d Dissolve Time Added of Gas in 
Liquid 
0010 cc., ssca, sacs   cad, ooI4 /00 6 
335 - 8  
25 1 34,0 369.8 25.5 0.0611 
26 L. 4'3 411.1 26.' 0.0635 
27 0.5 22.3 433.4 27.25 0-,0653 
27.5 0,5 24.2 457.6 17.75 0.0665 
28 0,5 28.6 480,2 2&25 0,0677 
28.5 0.5 34.4 520.6 28.75 0.0689 
29 05 38.3 558.9 29.25 0.0701 
295 0,5 44.6 *303.5 29.75 0.0713 
30 0,5 52.1 655.6 30.25 0.0725 
30.5 0.5 726 728.2 30,75 0.0737 
31ccu. Dissolved 
Entering Interfacial Driving Rate of 
Liquid Liquid Cone, Force Abaorp. 
Cone, 
0CE,/CO. 001./CC, 001,/CO, 001,/s.c 
0,0623 0.0824 oözöi 0.0206 
0.0634 0,0820 o.oi86 0,0191 
0.0652 o,o816 0,0164 o,oi6i 
o.o668 0.0812 0.0144 0,0134 
0.0685 0,0808 0,0123 0.0120 
0.0699 0.0804 0.0105 0.0103 
0,0715 0.0800 0 .008  0,0089 




Total Vol e Incr.a'l Tie. to Accue. Average vol e Mean Cone, 
	
Added 	Vol. 	Desorb 	Tue. 	Added 	of Gas in 
Withdrawn 	 Liquid 
ccc. 	cci. 	sees. 	sees. 	ccc. 	eoa/cc. 
290.4 
17 0 0 5 23,1 313.8 16.75 0.0401 
16. 0,5 24,0 337.5 16,25 0.0389 
0 0, 25.8 363.3 15.75 0,0377 
15,5 0,5 32.2 395,5 15.25 00365 
15 0,5 376 433,1 14.75 0 0 0353 
4,5 0,5 41,5 474.6 14.25 0,0341 
14 05 46.3 520.9 13.75 0,0330 
13.5 0,5 776 598.5 13.25 0,0318 
13 0,5 972 695,7 12,75 0,0306 
12.5 0,5 208.4 904.1 12.25 0.0294 
entering Interfacial Driving Rate of 
Liquid Liquid Cono, Yore. Desorp, 
Cone,  
ccs,/cc, ocs,/oo ccs,/cc, @05,/sec 
0,0388 0.0235 0.0153 0.0143 
0.0372 0,0239 0 00133 0,0123 
0.0357 0,0244 0.0113 0.0111 
0.0345 0,0248 0,0097 0,0100 
0.0325 0.0252 0,0073 0,0059 
0.0312 0,0256 0.0056 0,0047 
0.0296 0.0260 0.0036 0,0022 
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RUN *112/3/P / / / 
LIQUID R13TMTER 12 ltrs/br, 	 4 p - 1403240.. 
GAS IU)TAKETER 120 ltra,/hr, P +Ap a go. 864c., 
VOL. CO2 ORIGINALLY a 132.0cc., 
VOL. CO2 AT END OF ABS. RUN 	97.5cc.. 
VOL. CO2 AT START OF DES, RUN - 12.5008. 
ABSORPTION, 
Total Vol. Inarea'l Ti.. to Aecu, Average Vol. Mean Cone, 
Added Vol ,Add.d Dissolve Time Added of Gas in 
Liquid 
CC., 008, 8e08, aeca CCS, 
335.6 
28 1 28.7 364.3 28.5 0.0683 
24) 1 37.1 401.4 29.5 0,0707 
30 1 413 442.7 30.5 0.(i731 
31 0.5 22,3 465.0 31.25 0.0749 
31.5 0 0 5 25.2 490.2 31.75 0,0761 
32 0.5 30.5 520.7 32.25 0,0773 
32.5 0.5 34.7 555 ,4 32.75 0.0785 
33 0.5 37.0 592.4 33.25 0.0797 
335 0.5 51.0 643.4 33.75 0.0809 
34 0.5 59.8 703.2 34.25 0.0821 
34.50os, Dissolved 
Entering Intrfacia1 Driving Rat. of 
Liquid Liquid Cone. Force Ab.orp, 
Cone, 
cas,/cc, 000,4cc, OcB/co. 008,/Sec 
0.0718 0,084 o,ojôó U.02417 
0,0735 0,0880 0,045 0,0183 
0.0750 0.0876 o,oi26 0.0151 
0.0768 0.0872 0.0104 0.0133 
0.0731 0,0869 0,0088 0,0125 
0.0798 o.o865 0,0067 0.0090 




Total Vol • Inor.n' 1 Tins to Acoua Average vol • Mean Cone, 
	
Added 	Vol, 	Dssorb 	Time 	Added 	of Gas in 
Withdrawn 	 Liquid 
cc.. 	cc.., 	ansi 	s.c., 	cc. 	cos/oc 
205 1 375 23,1 20 0 00479 
19.5 0,5 20.4 303.5 19,25 0.0461 
19 0.5 21.4 3240 18.75 0 90449 
18.5 0,5 242 18.25 0,0437 
18 0.5 29,6 378.7 17.75 0,0425 
17,5 05 36.2 414.9 17,25 0 00413 
17 0.5 38.6 453.5 16.75 0.0401 
16.5 0,5 48.3 501.8 16.25 0,0389 
16 05 64.7 566.5 15,75 0.0377 
15.5 0,5 98.4 664.9 15.25 0,0365 
15 0.5 244,8 919.7/ 14.75 0,0353 
Entering Interfacial Driving Rat. of 
Liquid Liquid Cone, Fore* Dsaorp, 
Cone, 
can, Go, can /Do, co.,/cc, ece,/s.a 
0,0462 0,0243 0.0214 0,0191 
0.0446 0.02 o.oi94 o.oa6 
0 0 0432 0,0257 0.0175 0.0127 
0 00415 0,0260 0,0155 0,0120 
0.0400 0,0264 0.0136 o,0096 
0.0385 0,0269 o,oi16 0,0071 
0.0370 0,0273 0,0099 0,0047 





Hydxo dynzmic constant of gaseous phase. 
Cj 	Concentration of solute gas at liquid surface., 
Go 	Entering or bulk concentration of solute gas in liquid. 
Coo Concentration of gas molecules in bulk of gaseous phase. 
D 	Diffusion coefficient, 
G Rate of gas bsorptiofunit area. 
H 	Solubility of gas in liquid. 
k Constant, 
K 	Mass transfer coefficient. 
Pc Partial pressure of solute gas in bulk of gaseous phase. 
pi 	Partial pressure of solute gas at interface, 
Q Mass flux. 
R 	Gas constant, 
a Fractional renewal of surface. 
S 	Surface area at interface, 
t Time. 
Mean surf ace element age. 
dle 	Circulation time. 
Period of regeneration of surface layer. 
T 	Absolute temperature. 
Critical velocity for gas molecules to penetrate liquid 
surface. 
V 	Velocity of gas stream in a duct. 
Yn Linear velocity of molecular movement, 
VIS 	1droynamic constant of liquid phase, 
W Mass transported/unit area, 
x 	Thickness of gas film. 	
altman 
z Thickness of liquid film, 
y 	Distance from surface, 
9 Time of exposure of liquid. surface. 
0(t) Punation of time. 
Ir 	Surface tension. 
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